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PREFACE.

AT the present time there is no work that deserves the name of
a text-book on bacteriology published in the English language on
this side of the Atlantic.

The want of such a book has long been felt.

‘While a student in Professor Koch’s laboratory at the Hygienic
Institute in Berlin the past summer, the third edition of “ Fraenkel’s
Grundriss der Bakterienkunde ” was recommended to me as a text-
book.

It is now published in six different languages.

In addition to this testimony to the merit of the work, I heard
many favorable comments on it by teachers in several different
laboratories on the Continent which I visited during the summer of
1890.

A few changes have been made in the book and the presenta-
tion of the matter changed from the lecture style.

I append some extracts taken from the preface to the first
German edition.

The book “does not claim complete or exhaustive discussion of
the subject and presents no statements from literature. . . . Only
such facts and observations have been given as were examined by
myself. . . . I have at all times been assisted by Dr. Koch’s
weighty advice, and am thus fortunate enough to know that my
views are in complete harmony with those of the master of recent
bacteriology. Being convinced that this circumstance will enhance
the value of the work, I avail myself of this opportunity to express

my heartfelt gratitude to my revered instructor and chief.”
Jo. H. LinsLEY, M.D.,
39 Gramercy Park.
April, 1801,
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CHAPTER 1.

Classification, Morphology, Biology, Structure, Formation of Groups,
Flagella, Powers of Resistance of Spores, Multiplication of Bacteria,
Sporulation, Varieties of Spore-formation, Ptomaines, Development
of Pigment, Formation of Gases. Production of Odors.

I. CLASSIFICATION, MORPHOLOGY, BIOLOGY.

SINCE Anthony Van Leeuwenhoek (1683), with his single lenses,
first saw bacteria in mucus of the mouth, and illustrated his dis-
covery with excellent drawings, progress in the field of bacteriology
has been exceedingly slow until the middle of the present century.

Even Ehrenberg, who studied the bacteria more closely, knew
little else to do with them except to classify them. In fact, he con-
sidered them to be the lowest members of the animal kingdom, and
thought he saw in them little bladders, which represented stomachs
and eggs.

Ferdinand Cohn, shortly before 1860, showed clearly that they
belonged to the vegetable kingdom, remarking that the individuals
grow and divide like plant cells; that they agree with these in
structure, and particularly in the manner of fruit-forming, and
that they pass through a series of intermediate steps into a higher
class—that of the colorless algze.

Cohn also made an attempt to systematize them, but on quite
a different basis from that of Ehrenberg.

Seeing clearly that the necessary arrangement of their various
relations to each other in proper classification was still in its in-
fancy, he described the outward form only, hoping thereby to bring
something like order into this world of apparent chaos. He there-
fore distinguished globular, cylinder or rod-shaped, and screw-shaped
bacteria, as well as intermediate varieties. Such a classification
can, however, only be superficial; for instance, one would, with such
a system, have to place the blind-worm with the snakes and the

whale with the fishes. But Cohn knew well that he had only done
1
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If we examine the same variety of bacilli which have been de-
veloped at a low temperature on the surface of a slice of boiled
potato, they can scarcely be recognized. It is, therefore, evident
that this kind of nourishment is unsuitable for their development,
as we find all sorts of irregularly-developed cells and amorphous
bodies massed together, with here and there a long cylinder, which
reminds one of what the anthrax cell should be. We also see numer-
ous distinctly rounded forms of bacteria, which might be mistaken
for cocci.

Do such cells, therefore, belong in the circle of development of
the anthrax bacilli? Certainly not. For if we bring them into
favorable conditions of nourishment, it will be seen either that they
are no more capable of propagation—that we, therefore, have to do
with dead substances—or, on the other hand, that they immedi-
ately give birth to the described typical forms of growth, the long
rods of regular shape. These forms were, indeed, nothing but the
expression of degeneration in the bacteria in question. They are
degenerative forms, or, as Nageli has called them, “involution
forms,” malformations which are not to be mistaken for the healthy
bacilli.

‘While the species of bacteria which we have just consiaered
adhere, with a most remarkable tenacity, to that peculiar form
(which they keep under all circumstances), there are others which
seem to take a peculiar delight in developing strange forms, which
degenerate more frequently than others, quitting their normal ex-
ternal forms, and in preparations exhibiting features calculated to
puzzle for the moment even the most practised observer. Now,
these changes are not a necessary, inevitable step in the changes
which the individual must assume during its growth, but simply a
sign that under the influence of unfavorable circumstances a degen-
eration of the bacterial protoplasm has taken place.

This is just what is meant by the expression “constancy of
form;” that a species of bacteria, under varied conditions of life,
may change its external appearance, its form, more or less; but
under all circumstances a clearly describable form exists, in which
this species finds the expression for the maximum of its development,
the climax of its well-being. It is of course possible that future
researches may point out an exception or exceptions to the above
rule. Among the lowest vegetable organisms which stand nearest
bacteria, some have been knowu to botanists which certainly pos-
sess the capability of going through a tolerably wide metamor-
phosis. These are chiefly water-pieces—the crenothrix, cladothrix,
and beggiatoa, which, under some circumstances, appear as long
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toplasm, which is inclosed in a well-defined limiting membrane, or
cell wall. But in regard to the existence of a nucleus there seems
to be some doubt.

Until lately we were inclined to deny this in toto. It was shown
in the examination of unaltered bacteria that nothing could be seen
of a nucleus, even with the best optical aids; but under the influ-
ence of those coloring agents known as nuclei stains, the whole
individual bacterium became evenly and equally colored, and the
reaction which is otherwise seen in the nucleus alone extended here
to the entire cell contents.

But every one of experience in these matters will see that this
does not form a rule without exceptions. Occasionally, under still
unknown conditions, especially, however, after a short exposure to
active coloring agents, one sees how a part only of the bacterial
body greedily sucks up the coloring matter, while the surrounding
parts remain paler and show clearly in contrast with the centre.
Such pictures, which cannot be explained as artificial productions
or faults of preparation, do indeed lead us to suppose that we have
a nucleus before us, with its protoplasmic body, and that the pres-
ence of the former generally escapes observation only because our
method of observation is imperfect and unable to show such fine
differences.

This supposition becomes the more probable, as uncolored bac-
teria have been recently said to show something similar.

‘We must of course be very careful to avoid self-deception. I
by no means wish to say that the cases mentioned proceed from an
error. I believe, on the contrary, that these observations are cor-
rect, yet a convincing proof for my opinion I cannot give, and it
will require further and deeper investigation to bring the question
to a final settlement.

The contents are generally seen as a homogeneous, translucent,
dull mass, without traces of any particular network.

But now and then we do see a sort of granulation, and such
molecular thickenings of the protoplasm may for a moment deceive
us into the belief that we see a structure.

Some few bacteria possess chlorophyl in their cell contents;
others present a peculiar reaction, reminding one of the similar be-
havior of granulose under the action of an aqueous solution of iodine:
when treated with the same, they take a deep indigo-blue stain.

The membrane consists, perhaps, of a mass similar to cellulose
belonging to the members of the carbo-hydrate group. It (the
membrane) is hard to recognize under the microscope without
further preparation, but if we employ measures which cause a con-
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are connected not only with the origin of the spores, but also with
the presence of nuclei in the cell protoplasm.

How far these statements and their application may be correct
cannot, as yet, be definitely stated. It is a fact, however, that the
fully-formed spores are very differently sensitive to staining than
the rest of the cell, and may be very clearly distinguished from it
by the color alone.

An important part of the spore is its membrane, the spore-skin.
This is an extremely tough and strong covering, inclosing the spore
on all sides and surrounding it with an almost impenetrable mantle.

If we bring spores into a fresh nourishing solution, they germ-
inate sooner or later and grow into rods. This process has been
carefully watched (by Prazmowski and De Bary) and many impor-
tant things discovered. A spore about to germinate first stretches
somewhat in the direction of its length, its contents lose part of
their bright gleaming, and the dark outline—the tough membrane
—seems to swell. The more, the spore lengthens, the more it re-
sembles a short cylinder. At last the membrane bursts, and a
young bacillus is set at liberty. The empty membrane soon dis-
solves and disappears.

The formation of spores has been seen with certainty only in
several bacilli and some few spirilla, while in the micrococci certain
indications of a similar process have been observed, but no decided
results have as yet been obtained.

Under what particular conditions a bacterium proceeds to spor-
ulate is by no means certain. Formerly it was believed that the
micro-organisins began sporulation as soon as the necessary condi-
tions for their growth were withdrawn, either by the nourishing
solutions being exhausted or by accumulations of their own excre-
tions rendering their growth and propagation more difficult.

It has been claimed that a bacillus which finds itself, and there-
fore its species, threatened with extinction, tries to avoid this by
being changed into the form of a spore capable of resisting most
external influences and waiting for better days.

Beautiful as is this thought, the facts do not bear it out, since
we find bacteria forming spores when their nourishment is more
than sufficient.

It is, on the other hand, very probable that the bacteria, con-
trary to the higher plants, proceed to sporulation chiefly or only
when the cells have obtained their highest development, when they
are in the best conditions as regards nourishment and growth.

The anthrax bacillus, for example, produces no spores at a tem-
perature of 20° C., but produces them most rapidly and certainly at
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grow only in the living bodies of the higher organisms, at whose
expense and generally to whose detriment they live as genuine
parasites, and without which they cannot exist at all.

These are called the strictly parasitical bacteria, and the first
mentioned, which do not thrive in living organisms, are called the
strictly saprophytic bacteria. The boundary is, indeed, not im-
passable. There exists a whole class of bacteria which can find the
eonditions for life as well outside other living beings—can live sapro-
phytically—as they can by penetrating into foreign organisms and
there live as parasites; these are the semi-parasitical or semi-
saprophytic bacteria.

Besides the conditions already mentioned, there are some other
factors which are of importance in the life of the bacteria.

A certain degree of warmth is quite necessary for their plentiful
development. Warmth is a mighty spring in the clock-work of all
organic life, and its influence on the bacteria is unmistakable.

The temperature required by micro-organisms for their pros-
perity is, it is true, very different for the different species. In gen-
eral, however, we may say that the limits between which the bac-
teria can exist are from 40° C. down to about 10° C., yet but few
of them can exist throughout this entire range. By far the greater
number are restricted to a much narrower compass, within which,
again, there is another still narrower range, an optimism of tem-
perature, at which they thrive most quickly and luxuriantly.

There is a particularly noticeable difference here between the
strictly saprophytic and the strictly parasitical bacteria. The
former find the best conditions for their growth in the average
temperature of our summer months or the medium temperature
of rooms—i.e., about 24° C. This limit some of them can hardly
pass; that is, they die in a higher temperature, and are therefore
incapable of living parasitically in the warm-blooded creatures and
there causing disease.

The parasitic species, on the other hand, develop most favorably
and quickly at the temperature of incubation—i.e., at about 35° to
40°C. Some micro-organisms which cling very tenaciously to their
parasitic habits, which only with difficulty and by artificial means
can be induced to grow on our culture media outside of living bodies,
obstinately refuse to bate anything of their due temperature. The
tubercle bacillus, for instance, only thrives at a constant tempera-
ture of 37° C., and a slight departure therefrom produces defective
development.

If the temperature sinks below or rises above the proper degree

the bacteria fall into a state of insensibility and inactivity, from
2
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teria in the economy of nature, in consequence of their being the
only agents for causing the putrefaction of organic substances. It
is understood that by putrefaction is meant the stinking decompo-
sition of matter containing albumin. Pasteur referred this proc-
ess mainly to the activity of anaérobic bacteria. He thought that
the exclusion of oxygen or its removal by aérobic micro-organ-
isms simultaneously present was an essential condition of putre-
faction. Yet this view has not been fully confirmed. We know
aérobic bacteria also which can cause real putrefaction, and it is
probable that very many different bacteria are able to do the
same.

Putrefaction is not a specific process that might be caused by
the action of one particular species of bacteria, but the general
name for a number of separate phenomena which produce the same
results, being all reduction processes, and all resulting in the for-

" mation of ammonia, sulphuretted hydrogen, etc.

On this account we may class putrefaction among those changes
that we observe in the soil and call nitrifaction and nitration.
These also depend on the action of bacteria, and show a decompo-
sition of organic matter into its simplest componen$ parts, and
these in turn causing the production of higher combinations from
their union. '

In this manner alone is the soil enabled to serve as nourishment
to the higher orders of plants, and the importance of the micro-
organisms for the development of vegetation is therefore ex-
tremely great.

Nearly related to putrefaction is a process which becomes fa-
miliar in the course of breeding experiments.

As is already known, the artificial food-solution which we usu-
ally employ is changed by the addition of gelatin (an extract of
calf’s bone and other substances, rich in chondrin and gluten)
into a mass capable of solidification. Numbers of bacteria, motile
and non-motile bacilli and micrococci, possess the capacity of de-
composing the gelatin; to digest it, or, as we may say, to peptonize
it. It thereby loses its solid consistence and becomes fluid.

This is so remarkable a fact that it has even been employed to
make a division, for practical use, of the bacteria into two classes:
the “liquefying ” and the “ non-liquefying.”

Generally, however, it is not the bacteria themselves which
directly cause the liquefaction of the food-medium, but, in the
great majority of cases, the products of their metabolism. The
liquefying species produce a sort of ferment which we can sepa-
rate from the micro-organisms either by killing them or by means
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What processes cause this “ phosphorescence ” is not yet known,
but the researches of Lehmann and Tollhausen have made it at
least probable that it depends on the direct intra-cellular vital ac-
tion of the bacterial protoplasm, which finds expression in this pe-
culiar manner. The molecular changes within the cell, which in
other cases causes the formation of heat, of carbonic acid, etc., are
here accompanied by a development of light.

The undoubted influence of changes of nourishment on the oc-
currence of “phosphorescence” is to be explained by the proto-
plasm answering such changes, sometimes with a higher, some-
times with a lower, degree of specific activity.

Lastly, several of the bacteria known to us possess the power
of developing gas in the medium which surrounds them. With the
employment of solid foods this is often clearly perceptible, since the
bubbles of gas which are formed cannot then escape. It is the an-
aérobic species more especially that show a decided tendency to
the generation of gas. No exact investigations have as yet defined
the nature of the gases thus formed.

In connection with the formation of gas may be mentioned the
occurrence of smells—sometimes very penetrating—with certain
micro-organisms. It is known to everybody that substances of
very offensive smell arise in the. process of putrefaction. One of
the pigment-forming bacteria, the Micrococcus prodigiosus, when
grown on potato develops a decided odor of trimethylamine; others,
for instance, the cholera-bacillus, produce in cultivation a peculiar
aroma, and nearly all of the few known anaérobes have the com-
mon property of emitting a truly abominable stench in ordinary
cultivation.

We have now completed our general observations en the bac-
teria. We have determined their position in the domain of nature,
discussed the attempts to systematize them, and made acquaint-
ance with their chief morphological and physiological peculiarities.

Manifold and interesting as our attainments already are, it can-
not have escaped the reader that we have not yet passed beyond
the rudiments of an exact knowledge of the bacteria.

Questions of extreme importance still await their solution; wide
fields of research, far from being sufficiently examined, still lie al-
most untouched by our investigators. Everywhere we meet with
doubts and uncertainties.

This need not be wondered at. We owe to Koch and his intro-
duction of the solid-transparent foods the important facts already
elicited and the interest now taken in the study of bacteria, al-
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though it is not yet ten years since his methods of investigation
came into use. )

That in so short a time it has not been possible to accomplish
all that was required, is almost self-evident; but we may cherish
the certain hope that the near future will bring us further useful
discoveries, and that many further additions to our stock of knowl-
edge will yet be made by the application of new methods of inves-
tigation, next to be treated of.
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The sharpness of the image is dependent on the exact spherical
and chromatic correction of the object-glass.

Recently a great advantage has been gained since Abbe in
Jena, in conjunction with C. Zeiss, has succeeded, by means of new
glass pastes, in constructing lenses distinguished by a number of
superior qualities.

The object-glasses previously in use had always the .essential
fault of not evenly uniting the different-colored rays—i.e., the chro-
matic correction was not equal in all parts of the lens. This fault
prevented the formation of an evenly correct and clear image to a
sensible degree; the lenses could not be employed up to the full
limit which one had a right to expect, because the so-called over-
enlargement by eye-pieces was already limited by the difficulties of
correction increasing with every increased magnifying power. All
this is swept away by the new systein.

The chromatic variation is almost entirely avoided, and there is
no longer any hindrance to increasing the magnifying power by
means of eye-pieces. In fact, the advantages of these “apochro-
matic” object-glasses are extraordinary. They yield an image of
remarkable sharpness and clearness.

Now as to the last point: The distinguishing power of a system
depends on many factors, among which the most important is the
size of the angle of aperture of the lens in question,

Imagine a diameter drawn through the front plane of the lens
so that it connects the two most distant points in the circumfer-
ence of the lens, and imagine, further, that the object is a single
point; then connect the ends of the lens circumference with this
object, and we have in the angle formed at the object-point the
angle of aperture of the system. In other words, this angle is
formed by the axial point of the object-plane and the two marginal
rays—the last two rays which, proceeding from the object, could
pass through the lens. It is self-evident that the size of the angle
of aperture has a decisive influence on the amount of light passing
through an objective. Abbe of Jena, to whom our knowledge of
these abstruse relations is almost exclusively due, has, by a series
of extremely ingenious and peculiar experiments, ascertained that
the penetrative power of a system also stands in direct relation to
the size of its angle of aperture.

He even succeeded in giving to this relation a definite formula,
in expressing it by a deflnite number, and in proving that “the
penetrating power of an object-glass equals the sine of half its angle
of aperture.”

It is true that this is not the only factor to be considered. Asd
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visible, their outlines are clear and sharp; in short, the whole pic-
ture is now adapted to the purpose of bacterial investigation.

The reason is that under ordinary conditions the lines and
shadows which compose the structure picture are liable to darken
and cover up stained objects of small dimensions, which therefore
do not emerge from their obscurity until the structural part of
the picture disappears. Herein lies the value of Abbe’s illuminating
apparatus: it is capable of giving decided prominence to the colored
portions of a stained preparation, particularly to the nuclei and the
bacteria.

This may be elucidated still further by another example. The
effect of Abbe’s apparatus may be considerably diminished (and
even quite destroyed) by diminishing the base of the cone of rays
with the aid of diaphragms, or “stops,” and thereby decreasing its
angle of aperture. The smaller the opening of the diaphragm, the
more it shuts off the action of the condenser, and with a very small
opening one works, so to say, without the Abbe.

Examine a preparation of micrococci treated with fuchsin first
without any diaphragm—i.e., with the full working of the Abbe and
the isolation of the color picture. A collection of micrococci will
appear as small, uniform, strongly-colored grains. The close obser-
vation of them will not be difficult.

If a small stop be employed—that is, the Abbe shut off—the struc-
ture of the tissue immediately becomes visible, and the bacteria
which before were so distinct are now indistinct and thrown into
the shade, so that with all possible efforts they cannot be found
again. Nevertheless the place where they ought to be visible is
known. How much more unfavorable, then, would be the circum-
stances if the search had to be made without even this aid.

All colored bacteria preparations in which the effect of the
colored picture alone is advantageous must be examined with the
undiminished action of the Abbe—i.e., without any stops—but all un-
stained objects in which only the structure picture is desired must
be examined with the smallest possible stop or opening.

By the words “smallest possible” stop is understood a stop
which leaves a sufficient illumination of the fleld; as a rule, the
higher the power employed the larger must the stop be.

Special note should be taken of this. Beginners often err from
inattention to the rules just given, and they are seen, faithful to
their histological custom, either examining stained preparations
with the diaphragm, or uncolored objects, hanging drops, etc.,
under the full effect of the Abbe, without any stop. Under both
circumstances, little can be seen of what it is desired to recognize.
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In tissues especially, it is all but impossible to find and to dis-
tinguish them, and therefore we must proceed to the observation
of stained micro-organisms.

III. STAINS AND STAINING.

By the examination of unstained bacteria in the hanging drop,
the peculiarities of form are, for the most part, imperfectly recog-
nized, and many distinctive marks altogether unseen; the prepara-
tions are not very durable, and therefore of but little use for com-
parative investigation. This is very different, however, as soon as
the distinguishing power of color is utilized.

In the first place, color is an invaluable means for distinguishing
bacteria with certainty from their non-bacterian surroundings, for
a certain class of staining matters and the great mass of the bac-
teria stand in special mutual relation to each other, which can be
utilized at pleasure. Thus the staining of many micro-organisms
was the first thing that betrayed their existence, and the true
sources of the most important pathological conditions now recog-
nized as bacterial diseases have been discovered only by their aid.

Scarcely a quarter of a century has elapsed since the first faint
attempts were made to imbue animal and vegetable tissues with
coloring matters. Yet these beginnings for some time attracted
but little attention, and it was not till about the year 1875 that the
new process came into pretty general use. Then came the anilin
colors and their application for the staining of bacteria. Rapid
progress was now made; everybody began to stain, the isolated
and the double staining were introduced, and at the present day
the art of staining has already reached a high state of perfection.
The names of Weigert, Koch, and Ehrlich are closely connected
with these advances in the technics of investigation.

The anilin colors, which are of special importance for bacteri-
ology, are obtained from a secondary product which arises in the
manufacture of the gas which lights our streets—from coal tar.
This is a somewhat intricately compounded substance, and the
number of dyes obtained from it is considerable.

Most of them have figured in the service of science for a longer
or shorter period, and have been adopted on the recommendation
of an investigator who was partial to them. Yet for ordinary pur-
poses only a limited number of them have remained in use.

In an undissolved state most of them are fine, smooth powders,
while some occur in the form of small erystalline scales, with an
iridescent gleam.
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somewhat diflicult to see these portions of the cells clearly in the
uncolored preparation, they now surpass everything else in dis-
tinctness, so that it is by the presence of the nuclei that attention
is drawn to the cells to which they belong.

Now take another section, this time from the liver of a rabbit
which has died from inoculation with anthrax. Treat it in the
same way as the other; stain it for the same length of time in the
same anilin solution; remove superfluous color with acidulated
water, and put-it under the microscope with a high power, and,
naturally, without diaphragm. The same picture as before! the
same indistinct, faint staining of the connective tissue, as well as
the other tissues; the same prominence of the nuclei. Along with
them, widely dispersed over the whole preparation, anthrax bacilli
are seen, which in the distinctness of their coloring perhaps even
surpass the nuclei.

The most striking peculiarity of the anilin dyes is that they
stain the nuclei and the bacteria more strongly than the surround-
ing parts, thus giving them an isolated coloring, and it is precisely
because all other parts of the object remain so much less distinct
than the nuclei and the cells (the bodies of the cells are thrust into
the background) that this system of staining is so valuable for
us. It seems to point out the bacteria, which we should otherwise
have to seek for among many other things, and possibly not find
them after all.

It is particularly the basic anilin stains which, by differentiating
equally the cell nuclei and the bacteria, are so well adapted to our
purposes. Most of the acid anilin stains, as also carmine and
hamatoxylon, act differently; they are chiefly “nuclei stains,” and
leave the bacteria almost entirely unaffected.

If one of these sections which has just been colored with anilin
violet be placed in a solution of simple carmine or picro-carmine
and then treated as before, the nuclei will appear distinct under the
microscope, the protoplasmic bodies of the cells are also clearly
brought out, but of the bacteria there is nothing to be seen. They
have not absorbed the stain at all.

Particular attention is called to this distinction between pure
nucleus staining and the staining of nuclei and bacteria together.
Means have been found to happily utilize this distinction for pur-
poses of investigation.

On what does this difference of behavior in bodies comparatively
nearly related depend ?

We may say that in producing the stains various processes
probably take place.
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On the other hand, the combination of coloring matters belong-
ing to the basic anilin group with a particular kind of mordant is
extremely useful for bacterial researches, by disclosing the finest
peculiarities of form. The staining of the flagella by Loffler’s
method is effected by treating the preparations with a compound
mordant fluid. This consists of two parts—say 10 cm. of a 20-per-
cent solution of tannin, a few drops of saturated aqueous solution
of ferro-sulphate, and one part—say 4 or 5 cm.—of an infusion of
logwood, taking one portion of wood to 8 of water. This gives an
inky fluid; and in fact, Loffler was led to the discovery of his
method by employing black ink as recommended by Neuhaus.

There are two other substances which act as mordants, though
they do not belong to that group, namely, anilin oil and phenol,
with their allies.

Anilin oil (the mother of most of the anilin colors) is an oily
body of peculiar smell, obtained from tar. It is not a genuine oil,
but rather, by its chemical composition, a mere derivative of the
combination with the aromatic series of benzol, and it took its name
only from its outward behavior. It is employed in aqueous solution,
and in connection with it gentian-violet and fuchsin yield extremely
valuable stains which we often have to employ. There are nu-
merous directions given for uniting such an anilin coloring solution
with a saturated aqueous oil solution.

The latter is thus obtained: take 5 cm. of anilin oil and shake
it well for some minutes with 100 cm. of distilled water, and pass
it through a moistened filter. The filtered fluid must be as clear
as water, must show no more oil-drops, and must not become tur-
bid when shaken.

Yet this anilin water, as it is often called, is not stable. It is
apt to decompose, and even the addition of alcohol, as has been
recommended, only remedies this defect to a certain degree. It is
therefore much better to prepare a small quantity of fresh anilin
water for every new requirement. In this way one is surest to
avoid deposits and faults of staining. Pour anilin oil into an empty
test-tube to the depth of about 2 cm., add distilled water, shake up
for a few moments, filter the emulsion, pour the clear results of this
filtration (which have a strong smell of anilin oil) into a glass dish,
and then add as much of a concentrated alcoholic solution of fuch-
sin or gentian-violet, or other coloring matter, as is required to
produce saturation with coloring matter. This is easily recogniza-
ble on the surface by the appearance of a peculiar iridescent film
with metallic colors, which consists of undissolved coloring matter
and shows the state of saturation. In many cases, however, it is
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ing, a membrane with great powers of resistance against exterior
influences. ]

This membrane obstinately refuses to admit our ordinary stain-
ing matters into the interior of the spore.

If we treat a preparation containing spores with a solution of
gentian-violet ever so long, they (the spores) remain as uncolored,
brightly-shining gaps, of the well-known egg-like shape, which con-
trast with the fully-colored residuum of the bacterium not employed
in forming the spore.

It is therefore necessary to resort to the most active means in
order to overcome the resistance offered by the spore-membrane to
the penetration of coloring matter. When this is done, the stain
is, as it were, surrounded by a protecting mantle, its retreat is cut
off, and it can now only with great difficulty be removed again.

After this explanation, the process of spore-staining will at once
be understood. We stain the cover-glass with spore-bearing bac-
teria for an hour in Ziehl’s solution, hot, or still better, boiling.

This is done by keeping a small dish of carbol-fuchsin at the
boiling point by means of a gas-flame or spirit-lamp, and from
time to time adding of the solution sufficient to make up for the
loss by evaporation.

Then the spore is penetrated by the red coloring matter, which
is now just as hard to remove as it was to retain in the first place.
From the remaining part of the cell, however, it can easily be re-
moved. If the cover-glass be now treated with diluted or pure
alcohol, the spore retains its color and the rest of the cell is decol-
orized.

The spores are clearly visible as bright red, egg-shaped forma-
tions, while scarcely anything remains visible of the other part of
the cell. But that it really is there, and only requires a little aid
to again become distinctly visible, will be seen if we employ a con-
trasting color (for red, the best is blue), and of course it must be a
bacterial stain. A diluted alcoholic solution of methyl-blue is greed-
ily absorbed by the cell, and in such a double-stained preparation
one sees the deep red spores lying in rows in their deep blue cells
like a string of beads. The picture is really beautiful and well cal-
culated to show the advantages of staining.

All the spores of the different kinds of bacteria do not by any
means behave in the same manner under the treatment above de-
scribed. As regards their powers of resistance to other influences,
such as heat, chemicals, etc., a difference of behavior has been ob-
served, and it is therefore not surprising that some spores yield but
slowly, others very quickly, to the specific stains. The anthrax
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that they become useless. To meet this difficulty it is best to per-
form the whole staining process upon the slide.

If desirable to employ Gram’s isolated bacterial stain, place the
sections, for about twenty-five minutes, in a thin anilin-water gen-
tian-violet solution, and then, for about two and a half or three
minutes, in iodide of potassium solution, after which they must be
washed in alcohol. If they become quite black in the iodine the
stain is now detached by the alcohol and passes off in red clouds
from the preparation, which, after about twenty minutes, is bleached.
It is well to change the alcohol frequently, and in general not to be
too sparing in materials for Gram’s process. If the sections which
have been colored by Gram’s process are afterward to receive a
second contrasting stain, they should be placed, for quite a short
time, in a very thin solution of Bismarck-brown.

Yet vesuvin is a bacterial stain, and on that account less suit-
able for these purposes than the pure nucleus stains—saffranin and
carmine. Picro-carmine is very useful for double staining, accord-
ing to Gram.

The best way is to obtain the nucleus coloring first and then
stain the bacteria afterward. The sections pass from the alcohol
into a strong solution of picric-acid carmine for about half an hour.
The superfluous color is then wholly removed in 50% alcohol.

The sections are now rose-colored, and on examination the nu-
clei will be found of a dark red color, the bodies of the cells of a
light red, and the connective tissue pale yellow. Next place the
preparations in anilin-water gentian-violet.

Into a small dish of anilin-water pour four or five drops of a
concentrated alcoholic solution of gentian-violet till the fluid begins
to look opaque, but not till a saturation with coloring matter has
taken place—i.e., not until the iridescent film appears. Let the sec-
tions remain in gentian-violet precisely half an hour, and then bring
them directly, without any previous washing in alcohol, into the
sodium solution. After three minutes they must be taken out of the
iodine and placed in the alcohol; here the stain is washed out, the
red ground color of the tissue becomes more and more distinct, and
at length the sections have the same color as before their treat-
ment with gentian-violet.

The results of this process are excellent: the staining is in fact
triple; the cells are red; connective tissue, yellow; bacteria, blue;
and the latter stand out from their surroundings with remarkable
distinctness. In all staining by Gram’s method the precipitates
are troublesome, and often settle upon the preparation in laige
masses. In order to avoid them, Gunther has proposed a slight
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alteration of the original method of Gram, which often proves
serviceable.

Giinther stains the sections in a fully-saturated opaque solution
of anilin-water gentian-violet for a minute; then two minutes in
iodide of potassium solution, half a minute in absolute alcohol, ten
seconds in a 3 to 5% solution of muriatic acid in alcohol, then once
more absolute alcohol, then contrasting stain, etc. The addition of
muriatic acid gives the alcohol the power of dissolving and remov-
ing the particles of coloring matter which adhere to the tissue.

Also in the double staining by Gram’s method the strong de-
coloring influence of alcohol is often an inconvenience. The bac-
teria lose their color and disappear completely fromn view.

It is, therefore, frequently advisable to take anilin oil instead of
alcohol. Stain the section first with picro-carmine, etc., then place
it in anilin-water gentian-violet, next in iodide of potassium solu-
tion (Gram’s solution), and then it must go immediately, without
any previous immersion in alcohol, into the anilin oil, then comes
oil of cloves, or xylol, and Canada balsam. All this is best done
on the slide.

Never stain a large number of sections at once without having
proved the correctness of the whole process by one or more suc-
cessful trials. For almost every separate case and every staining
solution one should endeavor personally to find out by experiment
the right conditions of time, strength, heat, etc., etc.

Precise directions as to the time, etc., for the different processes
have, therefore, been intentionally avoided as far as possible.

It may seem that this is a very strange way of beginning, and
that if we worked with No. 1 solution, No. 2 solution, etc., and
always knew their exact percentage of coloring matter, we might
have a little chance of success. Such directions, however, would
only be found infallible in a restricted number of cases, and the
mechanical observance of such rules would sink the art of staining
into a mere trade. If one only knows rules for staining and not why
he must act so and not otherwise, he knows in truth very little.

And yet many a person thinks he has all the secrets of staining,
or even the whole science of bacteriology, in his pocket, when he
carries home with him a few pretty red and blue double stainings.
Yet the immense .a,dvantages which experimental science gains
from the use of stained preparations will not be renounced on that
account.

The finer var?eties of form in the bacteria, the slight differences
of length and thickness, the extremely characteristic sha pes of par-
ticular species—all this can only.be demonstrated by staining.









62 TEXTI-BOOK OF BACTERIOLOGY.

stains is precisely the opposite of that of all other cells. They are
generally found as large, flat formations of the outer walls of the
vessels, and consist of a nucleus and a very fine-grained proto-
plasm. Now, with these cells it is only the protoplasm that stains;
the nucleus remains uncolored and therefore escapes all but a very
attentive observation; the cell body, however, presents an even,
deeply-colored heap of granules, which in fact has a very strong
resemblance to a colony of micrococci.

Often, indeed, these cells have been taken for such a colony, and -
more than once they have been taken for the long-sought cause of
some particularly interesting disease. From the insignificant cold
in the head to the terrible hydrophobia they have, perhaps, for a
longer or shorter time, been taken for the source of all the diseases
which could be thought to proceed from bacteria, and it is hardly
to be expected that they should soon cease to play this deceptive
role.

Their true nature may be recognized without much difficulty by
their granules being of unequal size, by the nucleus being generally
recognizable when carefully sought, and by there being usually
several such cells, of exactly the same*size and appearance, to-
gether. It is, further, a remarkable fact that these plasma-cells
often stain with a different tint from the surrounding tissue. This
is most clearly ‘'seen when the sections are treated with methyl-
blue; as a rule the plasma~cells become deep violet, so that it seems
as if a special chemical combination took place between them and
the coloring matter. The plasma-cells are also sometimes accessi-
ble to Gram’s method, which leads to the increased possibility of
their being mistaken for swarms of micrococci. The peculiar
nature of these strange forms is as yet but very imperfectly un-
derstood.
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enabled to study the micro-organisms freed from the many adven-
titious circumstances of their existence. All the hindrances to in-
vestigation which had before existed in the intimate mutual rela-
tions between the bacteria and their natural nourishing soil were
swept away. We were even enabled to vary at pleasure and in
detail the conditions under which the bacteria were allowed to
develop, and by observing their behavior under the conditions thus
altered very valuable criteria were obtained.

New, hitherto unknown peculiarities were discovered, and the
rich abundance of added facts made it possible to distinguish be-
tween clearly separate species formerly thought to be identical.

The artificial breeding of bacteria has been of the highest im-
portance in enlightening us as to their agency in producing dis-
eases. Although from the regular occurrence of the same bacteria
in the same disease the former might be regarded as the probable
cause of the latter, and although this probability was raised to
something like certainty by transferring portions of diseased organ-
isms to a healthy one, which then developed the same form of dis-
ease and showed the same bacteria—while this experiment could
be successfully repeated through a whole series of cases, yet all
these demonstrations were open to serious objections.

The existence of a special kind of bacteria was granted when it
could no longer be denied, but the micro-organisms were not ac-
knowledged to be the direct cause of the morbid changes; they were
regarded merely as an accompaniment, a consequence of the disease,
as uninvited yet harmless guests, for whose development the path-
ological conditions had proved particularly suitable. The success-
ful inoculations were explained by the supposition that the disease
produced a specific organic pathogenic virus, with the power of re-
producing the affection and calling forth the same changes, in the
coyrse of which the bacteria found their way into the soil thus
prepared for them.

This view of the case could not be disproved till the parasites
had becn entirely removed from the diseased organism and freed
from all surroundings to which disease-producing influence could
be attributed—i.e., not till they had been bred in isolation under
artificial conditions, and then tested as to their pathogenic power.
Should it now be possible by their aid to generate the same symp-
toms, there could no longer remain a doubt that they and they
alone were the cause of those symptoms.

This experiment has been performed with success repeatedly,
and it is to the breeding of bacteria that we owe the most import-
ant discoveries of recent times with regard to the origin and nature
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of diseases in general. Here far more than in other spheres is to
be found in the recognition of its true cause the key to a right un-
derstanding of all the different symptoms under which a disease
appears.

I. STERILIZATION.

To obtain the most advantages possible from the artificial breed-
ing of bacteria, certain precautionary measures must be employed.

To get a clear, definite idea of the peculiar properties and gen-
eral behavior of a particular micro-organism, it is above all neces-
sary to bring that particular species under observation alone and
free from all admixture with other species. A medley of bacteria
is useless for exact investigations. It is only when one species is
obtained in pure culture, as it is-called, that it is possible to rely on
obtaining safe, unobjectionable results.

The characteristic marks of a species which are perhaps too
slight in the individual to be easily noticeable are in cultivation
made clearly evident, and all that was characteristic of the species
in question now shows itself in a greater degree with numberless
repetitions. Attention was early directed to these advantages, and
investigators endeavored to find some means of obtaining pure
cultures of the various species of bacteria. But it was soon found
(the more so that all attempts were made with liquid media) that
the problem presented great difficulties—difficulties arising fromn
the immense diffusion, it might be said the omnipresence, of the
bacteria and the high power of resistance of their spores.

Of course, in order to breed a particular species of bacteria
artificially in pure culture on any nutrient medium, the latter must
first be freed from all other micro-organisms before employing it,
and further, every pure culture must be protected during its growth
from the invasion by foreign bacterial germs—i.e., from contami-
nation.

And this is no easy task, especially the first destruction of
germs in the culture media—their “sterilization,” as the French
call it and as it is now universally called—requires particular
attention.

The bacteria in their common forin are not particularly able to
withstand exterior influences. A number of them are, however,
provided with a peculiar protective arrangement, destined to pre-
serve the species in the face of hostile exterior influences, and, as
already mentioned, the fruits or spores which serve this purpose
are perhaps the most tenacious of life among all the organized
beings of our world. To free a nourishing solution or anything
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If such an apparatus be heated, it is certain that as soon as the
water fairly boils and the full steam development has commenced
the thermometer will rise to 100° C. and will continue at that point.
An exposure of fluids for from half an hour to an hour, reckoning
from the moment of full steam development, will, as already said,
suffice in the great majority of cases to effectually sterilize them.

Of course we can also sterilize by this means all substances
which bear the high temperature without damage—for instance,
India-rubber stoppers, paper filters, etc.

The peculiar efficacy of steam, the undoubted superiority of wet
over dry heat, is a very striking circumstance. It is explained by
the fact that the tough covering of the spore, the very touchstone
of all disinfecting processes, swells and softens on coming into con-
tact with the moisture, and thus becomes permeable, as has been
proved by the experiments of Esmarch.

He found that if the steam which has been developed by boiling
water under atmospheric pressure is afterward superheated by
passing over hot metal plates, its germ-killing power diminishes.
This is because the steam is dryer, further removed from its con-
densation point, less disposed to set water free; it has a longer
way to go, must lose more heat than steam of 100° C., before it can
deposit moisture and effect the softening of the spore envelopes.
It is a different case, naturally, when the increase of temperature
goes hand in hand with the increase of pressure which results from
increased tension. In that case the steam remains close to its con-
densation point, and is capable of losing water, of becoming water,
at the moment when it meets with the bacterial spores intended to
be sterilized.

But the heat of freely-escaping steam cannot be employed when
dealing with substances which cannot support the boiling temper-
ature. Strongly albuminous fluids, for instance, cannot be heated
to 100° C,, since their albumin curdles and the solution is essen-
tially altered in its composition. For such cases a method intro-
duced by Tyndall and afterward considerably improved by Koch,
called “discontinuous sterilization,” is employed.

Most bacteria, in their usual forms, cannot survive a tempera-
ture of about 60° (., while their spores are in no way affected by
this heat. If a culture fluid be warmed, therefore, for some time to
60° C., as a general rule only the spores remain alive. But when
the temperature diminishes these very soon begin to germinate,
the bacilli lose their protective sheath, and if on the following day
heat is again employed to 60° C., the newly-formed rods are de-
stroyed; if this process is often repeated, it is certain that all the
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care must be taken to exercise the greatest cleanliness and nicety
in all the operations with the culture media.

The cotton plug should be taken out as seldom and for as short
a time as possibl¢; the mouth of the vessel, when opened, should
not be held directly upward, for fear of receiving gerins from the
air, and every instrument which is employed must be thoroughly
sterilized.

All our surroundings swarm with micro-organisms, and a single
one falling in the wrong place may suffice to spoil everythiig.
The reproductive powers of the bacteria are so unlimited that in a
very short time they can multiply almost immeasurably, and expel
all the former inhabitants from their ficld of development. In this
manuer it is easily possible to obtain “transformations” of one
species into another—for instance, the harmless hay bacilli into the
virulent anthrax bacilli, and vice versa.

Among the bacteria, as among other creatures of the organic
world, there is a “ struggle for existence.”

If two germs of different species and different origin alight
upon the same nourishing field, both will develop side by side for a
time in peace. But, from some cause or other, the conditions are
more favorable to one species than the other, it soon gains the
mastery, and often enough completely exterminates the other.

Thus it is seen what dangers for the pure cultures this exercise
of the right of the strongest may bring with it. One foreign germ
is able in a short time to alter and destroy such a culture, in either
case to rob it of all the advantages which constitute its real value;
and those who talk of “tolerably ™ or “ almost” pure culture show
clearly that they have as yet comprehended but little of the true
rules and principles of bacteriology.

II. LIQUID CULTURE MEDIA—PREPARATION OF BEEF-
BOUILLON.

The bacteria are not particularly dainty. An organic mass con-
taining nitrogen and carbon, especially if it has a slight alkaline
reaction, together with favorable atmospheric and thermal condi-
tions, is fully sufficient for most of them. Others are harder to
satisfy; particularly among the pathogenic species a great many
are found whose taste is much more circumsecribed.

Efforts have been made to discover a food solution whose com-
position might fulfil most, if not all, requirements. Pasteur and
Cohn made experiments in this line, and have given directions for
making two artificial food solutions which are now but little used,
but which, being of interest in the history of bacteriology, should
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For instance, given a mixture of bacteria—a putrid vegetable
infusion: separate the various species which it contains, isolate
them, and breed each separately. It will scarcely be possible to do
so. However carefully we go to work, however frequently we trans-
pose from glass to glass, however small may be the portions with
which we inoculate in order to obtain the greatest separation of
germs, we will scarcely ever succeed, even by a lucky chance. In-
deed, as a rule we will fail, and our investigations will be altogether
wanting in reliability.

The case is almost more unfavorable still if it is necessary to
get one particular species, and this alone, out of the mixture. The
only way is to work on at a venture till good luck places the de-
sired bacterium at our disposal. If we now breed this artificially,
and if but one single foreign germ has found access to it, it may
be that the stranger finds the conditions particularly suitable to
him, he multiplies infinitely, pushes aside the lawful occupants of
the soil, overgrows them completely, and gives the culture quite a
new appearance. It can, therefore, readily be understood how this
striking phenomenon caused the serious belief in the transforma-
tion of one species into another.

The fact is, we want some reliable means for dictating to the
germs the definite, controllable ways and limits which they are
not to lcave or dispute without consent and aid.

These facts are clear enough, and the great majority of investi-
gators have long since acknowledged their truth. The hindrances
and difficulties which are met at every turn in the use of liquid
media are, in fact, not less weighty than numerous, and although
the French school has not yet renounced this method of investiga-
tion, one must, nevertheless, pay the tribute of admiration to the
ability and dexterity which have enabled thein to attain such great
results with such imperfect means.

III. POTATO CULTURES.

It is not surprising if even the most ingenious methods fail to
conquer the difficulties just described, since they lie in the nature
of the media themselves, yet all obstacles were removed, as it were,
by a single blow as soon as the employment of solid food bases
took the place of the liquid ones.

The way in which the former came to be employed is sufficiently
curious to deserve mention.

It was observed that when slices of boiled potato were left ex-
posed to the air for a time and then kept a day or two where they
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If Esmarch potatoes are not recommended entirely and exclu-
sively, the reason is that a few bacteria only display their most typ-
cial, characteristic manner of growth when cultivated on the fresh
halves prepared as previously described.

There is a third method of preparing the potato for the use of
the bacteriologist, which is in many ways very useful, but which
has not proved reliable in all cases. This method, with slight vari-
ations, was recommended, almost at the same time as the former,
by Globig, Bolton, and E. Roux. It consists in boring out a cylin-
drical plug from the Hlesh of a good large potato (which requires no
previous preparation) with a cork-borer or some similar instrument.
The skin at either end is cut off, and then, with an ordinary scalpel,
the cylinderis halved diagonally by an oblique longitudinal cut, each
half being then pushed into a test-tube that has been previously-
sterilized. If the plug of potato is too thick it must be thinned
down with a knife. Next proceed to sterilize the test-tube with its
contents and cotton-wool stopper by the aid of the steam generator,
in which it remains one or two hours. This suffices to kill any
spores of potato bacilli that may have been left, and the culture
medium is now entirely ready.

With a platinum needle or loop transfer the material for inocu-
lation to the oblique surface of the potato plug, and spread it out
properly. The further development must now be awaited.

These cultures can also be preserved indefinitely without any fear
of pollution. The test-tube potatoes share this advantage with
those prepared in little dishes on Esmarch’s plan, with which they
also have a second advantage in common, namely, that a great
quantity of them can be prepared at once and kept ready for use
without spoiling.

The blood-red film made by a well-known bacterium—the Micro-
coccus prodigiosus—is a striking example of growth on the potato;
also the blackish-blue layer produced by a bacillus which is some-
times found in river-water, the dirty green culture of the bacteria
of green pus, the grayish-blue one of the blue-milk bacillus, etc.,
etc. A hick white skin is found in a brood of Bacillus subtilis, and
a dull white, granulated mass is produced by the growth of anthrax
bacilli. Again, the typhus bacilli, when grown on potato, produce
a slightly moist, shining appearance. In fact, the growth is almost
invisible to the naked eye, and this peculiarity is taken advantage
of to distinguish them from all other species of bacteria.

It is true that the growth of the individual micro-organisms on
the potato is not always quite uniform. The reaction of the culture
medium is of decided importance for the development of the bac-
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teria. Now the flesh of the potato is often slightly acid, though
usually decidedly alkaline, and this circumstance occasionally gives
. rise to very striking variations in the appearance of one and the
same species of bacteria on the potato cultures.

Even such bacteria as always show a preference for alkaline re-
action in their culture media will thrive on sour potatoes. It seems,
therefore, as if the vegetable acids, particularly the malic acid,
which exists in the potatoes are much less unpleasant to the bacte-
ria than the mineral acids and the lower acids of the sebacic group.

The potato process can be used for dividing a mixture of bacteria
into its separate component parts.

If an exceedingly small portion of a mixture of bacteria be spread
over the surface of a slice of potato, the germs would be too numer-
ous and lie too close together. A uniform layer, in which no dis-
tinction could be made, would cover the surface. Therefore with
continually-changed sterilized knives remove a little from the first
potato to a second, and fromn this again to a third, from the third
to a fourth, and so on to a fifth and sixth, always with sinaller
quantities, so that at last, by this repeated thinning of the inocu-
lated matter, a very wide diffusion of germs will be obtained.

The different kinds of bacteria will develop in small pure cul-
tures each by itself, clearly distinguishable by their color. The germs
will be so far separated from each other that each will be able to
reproduce its own species on the solid medium without coming in
contact with other species.

This process lies at the foundation of our whole present method
of resolving mixed masses of bacteria.

Occasionally the potato is employed in a form which differs con-
siderably from those already described. The potatoes are peecled
as if for the dinner-table and boiled in the steam generator, with-
out any particular previous sterilizing. When they are sufficiently
boiled they are mashed to a stiff mass in an earthenware dish,
with a little distilled water. The mash is then putinto Erlenmeyer’s
small flasks—a troublesome task—and thoroughly sterilized on
three successive days by an exposure for an hour each time to a
current of steam.

The bacteria grow just as well upon this medium as upon the
slices, and being well guarded against pollutions from without by
the cotton-wool plug, this system is extremely well adapted for all
those cases in which it is desired to at once obtain large quantities
of some particular micro-organism, to get a so-called potato cul-
ture en masse.

In a sizni]ar way another solid food medium is made which is
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very useful for some purposes. We dry ordinary bread—rye bread
is the best—at a moderate heat and reduce it to a fine powder.
This is put into Erlenmeyer’s flasks (about 20 grams in each), and
enough distilled water added to mmake the whole into a uniformly
soft, moist pap. This is sterilized an hour a day for three days in
the steam generator.

The bread powder has a slightly acid reaction, and’is, therefore,
greatly favored by the mould fungi, which, indeed, are generally
bred upon it in pure cultures. To make it suitable for bacteria,
after the softening with distilled water a solution of soda must be
added till alkalescence is produced.

IV. LIQUID AND SOLID CULTURE MEDIA—BEEF-BOUILLON
GELATIN AND AGAR-AGAR.

The solid food media already considered have a decided superi-
-ority over liquid media, and yet every one of them had a decided
fault about it. They were all opaque and therefore unsuitable for
direct microscopic examination, which had yielded such valuable
revelations in the case of the liquid media. It was a brilliant idea
of Koch’s that found a means of overcoming this difficulty also:
“He changed the liquid media into solid ones by the addition of
transparent substances capable of consolidation.” This was the
grand secret whose discovery was destined to disclose to us a world
of new phenomena.

As liquid food Koch employed beef-bouillon; as consolidating
substance he employed gelatin, which gives the liquid solidity while
leaving its transparency undiminished.

Gelatin is a peculiar mass, chiefly obtained from calf’s bones or
from sinewy and cartilaginous substances. Its chemical composi-
tion is not yet exactly known, and probably varies according to cir-
cumstances; yet we do know that chondrin and gelatin, with the
albuminoids allied to them, are its chief constituents and give it
its characteristic properties. The gelatin* which we commonly
cmploy is a French article and is sold in thin transparent leaves.
If placed in water or watery fluids—for example, in beef-bouillon—it
swells up and melts, at a temperature of about 24° C., into a homo-
geneous solution. It is then perfectly liquid and boils at 100° C.,
passing readily through filtering membranes, and remains trans-
parent and unaltered for any length of time. On the other hand,
it returns to the solid state at temperatures under 24° C., and

* This gelatin is sold under the name of “gold-label gelatin.” J. H. L.
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forms an almost colorless mass, of glassy transparency and jelly-
like consistency, which when protected from drying up may be
preserved a long time without deterioration. In consequence of
these properties we can employ gelatin, both in its liquid and in
its solid forms, for our culture media. A comparatively small
amount of raw gelatin suffices to change our liquid media into
solid substances. The more of it used the more solid is the new
combination, and the better it is able to withstand the softening
influences of heat and other agents.

‘We generally use a bouillon with 104 of gelatin, a mixture which
gives the desired degree of solidity without causing too much diffi-
culty in its preparation or in its usc.

The way of making this culture solution is as follows:

The “meat-water” is prepared precisely as for the bouillon
already mentioned. Add 1% of peptone, 4% of common salt, and in
addition to these 10% of gelatin.

That is to say, add to the 1,000 grams of meat-water 10 grams
of peptone, 5 grams of salt, and 100 grams solid gelatin.

This mixture is to be well shaken in a large flask, in order to
distribute the peptone, and then heated for about half an hour,
i.e, till the gelatin is fully dissolved, over an open flame or in the
water bath or steam generator. It should not be heated wmore
than this, since otherwise a premature coagulation of the albu-
minous matter might easily take place.

Next follows the neutralization, for gelatin has a decidedly acid
reaction. Concentrated solution of carbonate of soda is added till
the blue litmus paper is no longer reddened, but the red appears
slightly blue; an operation which is frequently a good test of pa-
tience and requires a good deal of test paper. To get rid of the
coagulable albuminous matter boil for about another hour, at the
end of which time the liquid is found to have become clear and some
of the albuminous matter is found floating on the surface as a dirty
gray scum, while some also has sunk to the bottom.

Next comes the filtering. A folded filter, such as is used in
chemical experiments, is put into a glass funnel and slightly noist-
ened with distilled water; then the hot mixture is carefully and
slowly poured through it. Avoid pouring in too large quantities at
once; the gelatin would otherwise cool in the funnel and could not
run through. In order to avoid this difficulty there exist so-called
“hot-water funnels.” A glass funnel is surrounded on all sides with
a covering of copper; between the glass and copper is a closed
space which is filled with water. Round the outside copper wall
runs a perforated metal tube which can be placed in connection
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with the gas-pipe and feeds about thirty little flaines. These make
the water boil, and the inner glass funnel is thus surrounded by
boiling water. This, of course, very considerably accelerates the fil-
tration of the gelatin, and if one takes care always to have a suffi-
cient quantity of water between the two walls of the funnel, the
apparatus gives no occasion for complaint. Yet the filtration can
easily be performed without its aid if the unfiltered gelatin in the
flask be kept warm in the water bath. In Koch’s laboratory the
hot-water funnel has hardly ever been used for years past.

The filtered gelatin must be perfectly clear, transparent as
water, and but slightly tinged with yellow; it should contain noth-
ing flaky, should not become turbid when boiled or cooled, and
should show a clearly alkaline reaction.

One may test the two last-named qualities by letting the first
liquid that passes through the filter run into a test-tube, testing
its reaction, and heating it until it boils. If the gelatin proves acid
the filtration must be interrupted and the requisite quantity of
carbonate of soda solution added, after which it should be boiled
again for about a quarter of an hour. This acidity is sometimes
found when the solution was decidedly alkaline after its first neu-
tralization. The chief cause for this change in reaction is that dur-
ing the boiling, meat acids and acid salts which were not present
before have been set free.

It is more diflicult to get rid of any turbidity that may appear
in the gelatin, since the causes are various.

Perhaps the tilter was not fine enough, may have been torn at
the point in twisting it at first, or it may have.burst when the gel-
atin was poured into it. Carefully examine the filter before using
it, and only admit the liquid slowly and cautiously. It is desirable
to increase the strength of the filter by putting a small protecting
cap of cotton-wool at the bottom of it.

It sometimes also happens that the gelatin is turbid only when
it first begins to run through, while that which follows is clear;
that is, when the filtering paper is poor and its pores have to un-
dergo an alteration before they can hold back the little coagula.
Or it may be that the gelatin is too strongly alkaline. This is fre-
quently the result of its being too rich in carbonates.

If the mass has to be treated anew, the carbonic acid is driven
off, the combinations are dissolved, the solution is made turbid. In
all such cases the evil may easily be removed: readjust the reac-
tion, employ good filters, and recommence the filtration.

Yet it sometimes happens that none of these means prove efli-
cient. Filter as often and as carefully as we may, the gelatin re-
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This precaution should not be neglected, for to obtain a good
medium, perfectly germ-free, it must be carried out to the letter.
This interrupted heating, which reminds us of the discontinuous
sterilization, is also the best method of killing the spores which
possess the most tenacious vitality, since they germinate in the
intervals and are then sure to perish at the next heating.

‘When the tubes have been sterilized three times they may be
used.

The kind of gelatin whose preparation has just been described
in detail, and which is chiefly employed on account of its composi-
tion, is calléd “ ten-per-cent meat-water peptone gelatin,” and when
in future nutrient gelatin is spoken of, it is always this mixture that
is meant. But of course it is possible to employ a variety of com-
pounds differing from the above

On the one hand, the quantity of gelatin put into the different
food solutions may be largely varied, and some, indeed, prefer to
work with a 74% or 54 mixture. Still further diminution of the
quantity of gelatin is not advisable, since we then have something
approaching too nearly the liquid foods, which softens with a slight
degree of heat and does not offer sufficient resistance to the pep-
tonizing influence of many kinds of bacteria.

On the other hand, gelatin may be mixed with some other nutri-
ent solution instead of with the usual meat-bouillon. Some, for in-
stance, do not employ fresh meat for their bouillon, but take beef
extract. The following is a recipe: 1,000 grams water, 30 grams
peptone, 5 grams extract of meat, 100 grams gelatin. The sterili-
zation here requires particular care, since the extract of meat is
extremely rich in very tenacious germs.

Besides the different varieties of meat-bouillon, other kinds of nu-
trient solution—as, for instance, blood-serum, milk, spices, and urine
—have been consolidated by the addition of gelatin. It would lead
too far to go into all the particulars concerning them, yet a few
words must be written about a number of special admixtures em-
ployed for particular purposes, and which are usually added to the
bouillon gelatin when it is fully prepared and ready to be poured
into the test-tubes.

Thus, for instance, 4 to 6% of glycerin is added to the gelatin,
because it has been found that certain bacteria thrive better with
this addition. An increase of nourishing power may also be ob-
tained by adding from % to 2% of grape sugar (dextrose), which is,
indeed, frequently done.

But the grape sugar has another valuable property: it is a re-
ducing substance which partly absorbs the oxygen, and thus ren-
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ders the culture media peculiarly suitable for the development of
oxygen-avoiding, anaérobic species. There are also other sub-
stances which act in the same way, and have been recommended by
Kitasato and Weyl, namely, formate of soda, which by oxidation
changes into the carbonate, resorcin, etc.

As an indicator for certain chemical changes within the food
medium caused by the growth of bacteria in it, we use an almost
saturated solution of blue litmus. Buchner and Weisser, and of
late more especially Petruschky, have shown that the changes of
color in gelatin tinged with this solution give a very exact key to
the amount of acid, or alkali, formed in the food mass.

Quite different from this is another use of the litmus solution.
The litmus coloring matter is easily reduced and loses its color; it
discolors completely and seems to have vanished until oxygen
finds its way back to it and instantly gives it back its color. This
property has been taken advantage of to study any reduction proc-
esses that may take place in the substratumn; and by the labors of
Cahen, and more especially Behring, very important facts have
been elicited in this way. In many cases, it is true, we find it de-
sirable to replace the litmus (whose chemical composition is not yet
precisely ascertained) by other dyes, which are also discolored by
reduction; for instance, sulphate of indigo in 1 to 10% solution, etc.

All these modifications of the original simple bouillon gelatin
share with it in its chief properties: they soften at a somewhat
elevated temperature and have then the qualities of liquid food
media, are easy of application and distribute the germs equally,
and at lower temperatures they return to the solid state, where
they possess the important advantages of the solid food media.

It is, on the whole, immaterial as to which sort of gelatin should
be given the preference, but one thing should be specially noted:
that for comparative investigations always one and the same food
medium should be employed. For even slight differences in the
composition of the food solutions often cause very great differences
in the appearance and behavior of the bacteria.

Gelatin is an excellent substance to give to our food liquids the
necessary stiffness, and the ease with which it may bé prepared and
handled makes it permanently valuable to us; but it has one fault.
Under the influence of heat above 25° C., and in consequence of
the peptonizing action of many species of bacteria, it softens and
becomes a liquid instead of a solid medium. The food gelatin,
therefore, cannot be used with advantage for breeding experiments
at a high temperature, nor for micro-organisms which have a strong
decomposing tendency.
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cannot be employed, since the chances of their being polluted from
the beginning are far greater.

Serum once consolidated does not lose its solidity again. It is
therefore particularly well adapted for the culture of bacteria at
high temperatures.

But in consequence of this peculiarity it has not the advantage
possessed by other solid and transparent media—that of being able
to return to the liquid state under certain conditions, and thereby
becoming easier to manipulate. Under the influence of certain
bacteria, however, it does soften in the same way as gelatin, and
then it is usually peptonized to a very considerable extent.

On this account the employment of blood-serum is restricted to
somewhat narrow limits, and we can in many cases greatly facili-
tate our labors by employing glycerin agar instead. For certain
purposes serum of human blood and of substances similar to it—as,
for instance, the fluid from dropsy (ascites), from hydroceles, and
from the ovary—has been prepared as a culture medium. Human
seruin is chiefly obtained from the placenta, which generally yields
a considerable quantity of blood.

The whole series of solid transparent food-media which are
commonly employed have now been considered, and also the special
advantages offered by particular kinds: the ease with which gela-
tin can be prepared and employed; the power of agar to resist not
only high temperatures, but also the decomposing action of bacteria;
and the importance of glycerin agar and of blood-serum for the
breeding of strictly parasitical micro-organisms. But it would be
a great mistake if it should be considered that these constituted a
wealth of artificial culture media with which could be obtained the
desired object at all times and under all circumstances.

By the addition of gelatinizing substances to the bouillon, for
instance, the latter is not in itself rendered more suitable to serve
as food for the micro-organisms. It is true that bouillon was
chosen with a view of offering the requisite conditions for develop-
ment to as many kinds ol bacteria as possible, and up to a certain
point its success was undoubted, for great numbers of bacteria are
known which thrive in the ordinary culture media.

Yet its nourishing powers must not be overrated. Numbers of
bacteria, perhaps the majority of all existing species, do not find in
it the conditions necessary for their existence, and therefore resist
all efforts to breed them artificially. A simple example may suf-
fice to prove this.

If saliva be exumined under the microscope in a cover-glass
preparation or as a hanging drop, generally an abundance of
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teria which were to be separated into the different species contained
in it a small portion was taken and spread as evenly as possible
over the surface of a sliced potato. Then from the first potato to
a second, from the second to a third, and so on, the inoculating
material was transferred in continually smaller, “ more diluted ”
quantities, so that the germs were at length so widely separated,
so far isolated from each other, that they developed separately and
singly, yielding pure cultures which could not mix together on
their solid medium.

In precisely the same way the gelatin was at first employed,
and Koch originally endeavored to imitate the form and other par-
ticulars of the successfully-tried potato culture by liquefying the
culture gelatin, pouring it into watch-glasses, on slides, etc., allow-
ing it. to harden upon them, and inoculating the now solid surfaces
by dipping a platinum needle into the mixture of bacteria and then
drawing it repeatedly across the gelatin.

Stroke by stroke the number of the germs planted becomes
smaller, and when later they develop along the strokes made by the
needle and form colonies, the separate species will appear isolated,
and it will not be difficult to divide them with certainty and precision.

At the present day the “slide cultures” are employed in excep-
tional cases only, for it was soon observed that by this procedure
one of the advantages of gelatin was lost—the advantage of its
permitting, before it assumes the solid form, the same complete
and equable distribution of germs as do the liquid media.

‘We therefore perform the dilution of the inoculating material in
the dissolved gelatin, and after this the now universally-employed
method for obtaining pure cultures will at once be apparent.

An experiment with human feces, a substance extremely rich
in the most varied species of bacteria, can be made as follows:

First dissolve the gelatin in a number of test-tubes. The best
way is to employ the water bath at about 35° C. Take one of the
test-tubes, taking care that the gelatin is completely dissolved, and
with the platinum needle introduce a trace of the material to be
inoculated. With such a tough consistency as that of the material
in question it is well to rub it and squeeze it against the glass, in
order to mix it well into the liquid; in all cases, however, and under
all circumstances, endeavor, by repeated slight variations of the
slant of the test-tube. to produce a very thorough and equable dis-
tribution of bacteria throughout the gelatin.

This being done, the “dilution” begins. Were the first tube
only to be employed, the number of germs that would develop
would certainly be far too great to think of separating them.
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difficult. Efforts have been made to overcome these difficulties,
two different ways having been suggested.

In one of the modifications of Koch’s method, flat-covered dishes,
as recommended in different forms by Babes, Sayka, Petri, and
others, take the place of the ordinary glass plates. The pattern
introduced by the last-named investigator is the one generally em-
ployed, in which the lower dish is just 10 cm. in diameter.

A number of such dishes are sterilized in the hot-air chamber
and then prepared for use. When the dilutions have been made in
the usual manner, the cover of a dish is removed, the liquid gelatin
poured from the test-tube into the dish and distributed over the
bottom of it by a suitably tipping or slanting of the dish, which is
covered again, and the gelatin left to harden. The dishes thus
prepared are piled one above another, and in due time the develop-
ment of germs and the growth of colonies occur.

The advantages of this system are great. The manipulation is
much simpler and more convenient. The difficulties which a be-
ginner usually has to contend with are, for the most part, avoided ;
the gelatin spreads, almost of itself, in an even layer over the sur-
face, and hardens there quickly and perfectly, without the aid of
the levelling apparatus; the often troublesome after-pollution of
the glass plates by adventitious germs falling upon them is here
prevented almost to a certainty by the protecting cover; the
contact of the fingers with the layer of gelatin, which is apt to
occur in removing and examining the plates, cannot take place, and
the extensive liquefaction of the gelatin, the “ running over” of the
plates, is also impossible.

Most of the apparatus employed in Koch’s original system be-
comes unnecessary and superfluous. lass plates, plate-box, level-
ling apparatus, glass bridges, and the large bell-glass can be
dispensed with, and when it is further considered how easily the
“dish-plates” may be removed and transported, we cannot but
acknowledge the superiority of this process in many respects.

For some purposes, however, a second modification of Koch’s
glass-plate process, introduced by E. von Esmarch, has still greater
advantages.

The liquid gelatin is inoculated in the usual way, but then, in-
stead of being poured out of the test-tube, it is spread - -over-the
inner walls of the test-tube itsclf and there left to harden. The
interior surface of the tube becomes covered with a thin, even layer
of gelatin, which possesses about the same extent of surface as that
obtained in the case of the ordinary glass plates. The germs de-
velop precisely in the same time and manner as on the plates; it
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facilities for judging the colonies in connection with their liquefying
power, as the gelatin. As a whole, therefore, the agar plates are
less useful for studying peculiarities of growth in the different
species of bacteria upon a solid food medium.

It would be alinost impossible to overrate the importance of
the glass-plate system for our investigations. The glass plate is
the invaluable, altogether indispensable means which leads us
safely through the intricate world of bacteria, discovers the finest
differences of species, and is able to give an answer to the most
difficult questions at all times.

The more we advance in practice and experience the more we
learn to prize this method, which is distinguished at once by the
certainty of its operation, the rapidity with which it accomplishes
its purpose, the ease of its manipulation, and the almost unlimited
extent of its applicability.

These advantages are in fact so apparent that one can scarcely
comprehend how some investigators can ignore them. He who
brings substances known or supposed to contain a mixture of bac-
teria into a solid culture medium and then leaves them to their fate,
shows clearly that he does not, or perhaps will not, understand the
chief advantage of a plate—i.e., the separation of germs and the
consequent opening of a possibility to each one germ of attaining its
fair development without being crowded or overgrown by others.

Take this case: we are seeking in some organ—say the lungs—
a particular species of bacteria, and we put portions of lung tissue
into a test-tube containing gelatin or agar in order to let the
germs develop. Perhaps there may be only ten of them altogether,
and of the ten only two belonging to the species sought, the others
being indifferent to us. The plate is sure, in all cases, to present
these two, and to present them in their characteristic forms. If
they remain with the others in the test-tube without being poured
out on a glass plate or Petri dish, the two may not be able to main-
tain themselves against the other eight and will be lost for our
observation. We then obtain an altogether false result from our
examinaton; we have indeed employed the solid food medium, but
we have obtained no advantage from it.

VII. PURE CULTURES.

The next step must be to definitely separate from each other
the different species which the plate process has enabled us to dis-
tinguish.

The plates remain good for a limited time only, and the liquefy——
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is, therefore, peculiarly suited for needle-stroke cultures on an
oblique surface; in fact, its chief use is for pure cultures of this de-
scription. The point of the infected platinum needle is drawn
slowly across the agar without penetrating it, and then, within
twenty-four hours, we can have perfectly-developed cultures of the
parasitical micro-organisms, whose development, as alrecady men-
tioned, may be accelerated by the aid of increased heat.

The pure culture in the test-tube does not, of course, last for an
unlimited time. The nutritive substances are consumed, and the
bacteria themselves excrete substances which act as a check to
their indefinite multiplication.

This takes place more quickly with some, more slowly with
others. As a general rule, we may say that the cultures retain
vitality for three or four months, yet there are some which perish
much sooner, and it is always well to renew them about once in six
weeks—i.e., to transplant them to a fresh food medium.

VIIL.—CULTURE OF ANAEROBIC BACTERIA, INCUBATORS,
THERMO-REGULATORS, AND SAFETY BURNERS.

It is necessary to know the ways and means by which we are
enabled to separate a mixture of bacteria into its component spe-
cies, and to breed them in pure cultures by the aid of transparent
solid food media. In this manner success will be attained with a
great number of micro-organisms, and there are only a few that
form exceptions, inasmuch as they require special appliances to in-
sure the success of their artificial cultivation. We refer to those
which only thrive in the complete absence of oxygen—the anaérobia,
for whose culture, therefore, separate methods have had to be in-
vented.

It may be readily imagined that the problem is a difficult one.
It is not an easy task to shut off a substance which is present in all
that surrounds us; we cannot succeed without special manipula-
tions, and often we shall require special instruments. We may,
therefore, at once say farewell to that laudable simplicity which is,
perhaps, the greatest merit of the usual process of culture.

It is true that the difficulties are not great as long as we have
to deal with liquid media, but they increase from the moment we
attempt to employ the solid media. In particular, the separation
of mixtures of bacteria occasions much difficulty, and the great
number of means and ways that have been and are still continu-
ally suggested is in itself proof that as yet nothing has been
found to answer all the requirements of the case. Any one method
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cannot even be recommended as being comparatively the best; all
have their defects, and it must be left to the operator to select one
from among the possibilities which are about to be noticed.

First of all, for the culture of anaérobic micro-organisms it is
advantageous to add to the solid media reducing substances, to
consume the oxygen which may be present. Of such additions
the commonest are: 1% to 24 grape sugar, 1% to 2¢ formate of
sodium, 1% to 10 resorcin, etc.

Proceed as follows: put the material in which anaérobic germs
are suspected into liquid gelatin or agar, and pour it out in the
usual manner over glass plates. But before the food medium is
fully hardened, cover it with a sterilized scale of mica. This will
stick to the viscid surface, and prevent the entrance of oxygen. In
order to keep out the oxygen still more fully, seal the open edges of
the mica with melted paraffin.

But this only removes the oxygen partially. We obtain much
better results when we employ a larger mass of the food medium,
using the medium itself as a means to keep out the oxygen. Libo-
rius has wrought out a systematic method of culture in deep layers
of solid food media. A depth of 15 or 20 cm. of gelatin or agarin a
test-tube is, as far as possible, freed from air and oxygen by
thorough boiling, then cooled down to 40° C., and the material to
be inoculated carefully and equally distributed throughout the
liquid by the aid of a strong platinum loop. The liquid must now
be quickly hardened—iced water is the best means—and in the
short time but little air can re-enter, while the lower portions of
the food medium are, to a certain extent, protected by the upper
ones from the outside air and the penetration of oxygen.

In fact, even strictly anaérobic bacteria develop in such cultures.
‘When care has been taken by suitable dilutions, by transferring
small quantities of infected gelatin into a second and third tube,
with a deep layer of food medium, to bring about a sufficient dis-
tribution of germs, the colonies arise separately and in very char-
acteristic forms, and display the peculiarities of the different spe-
cies with great clearness. This method has, indeed, one advantage
over all others, which makes it particularly valuable. We know
that a great number of the bacteria familiar to us (in particular all
the pathogenic species) are semi-anaérobic—i.e., they can thrive
when oxygen is present. In all breeding processes in which the
oxygen is entirely excluded from the culture vessel there is no
means of distinguishing the semi-anaérobic from the strictly aérobic
species, which can thrive only when the oxygen is excluded. In the
deep cultures, on the other hand, the part nearest the surface re-
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micro-organisms consume and which they also take from the living
tissues.

Of far greater moment than the mechanical action and the con-
sumption of alimentary matter is another factor almost always at
work in the case of pathogenic bacteria.

The micro-organisms excrete, as mentioned, certain substances
of peculiar composition. In most fermentations definite, specific
products arise. Thus in the decomposition of albuminous matter.
which, indeed, is entirely caused by the action of bacteria, particu-
lar substances are formed, a more exact knowledge of which we
owe specially to the important researches of Brieger. He ascer-
tained very exactly the chemical constitution of a number of those
substances in which we see clear and tangible traces of bacterial
life, and found them to be bases—alkaloids—belonging principally
to the fatty compounds.

Some of these substances, which from their origin have been
called by the general name of ptomaines (corpse-alkaloids), possess
extremely poisonous qualities, so that even small quantities of these
toxines sufficed to kill the larger animals in a very short time.
But Brieger did not rest satisfled with these first results; he soon
2xtended them very largely. The processes which lead to putre-
faction can only be observed with precision to a certain extent,
since they owe their origin to a great number of different and un-
known species of bacteria. It could not but seem desirable, there-
fore, to examine, in one and the same manner, certain micro-
organisms in pure cultures, and particularly to investigate the
excretions of the principal pathogenic species. And Brieger did, in
fact, succeed in making important discoveries by this method. He
found, for instance, that the cholera bacteria, the typhus and
tetanus bacilli, under suitable circumstances excrete specific sub-
stances out of their aliment—which prove to be genuine toxines,
and are able, when inoculated into animals, to produce some of
those phenomena which would be caused by the bacteria them-
selves.

The importance of the excretions in the pathogenic agency of
micro-organisms was thereby placed beyond doubt, and efforts were
now made to discover a similar agency on the part of other species
besides those already mentioned.

With some—for instance, with the anthrax and the diphtheria
bacillus, the vibrio Metschnikoff, etc.—a certain degree of success
has been achieved, though without attaining that full degree of
certainty which distinguishes Brieger’s investigations. The reason
i, on the one hand, the difficulty found in submitting these sub-
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occurrence—may perhaps be convenient and therefore permissible.
Yet we must always keep in mind that by adopting such a course
we may easily lose the solid ground under our feet, and find our-
selves all adrift with our artificially-built-up system of differential
diagnostic criteria. :

As will hereafter be recorded, we are acquainted with quite a
number of micro-organisms, evidently closely allied to each other,
which slight indications only enable us to distinguish from each
other and to arrange in deflnite groups. Wherever the attempt
has been made to employ differences of virulence or infective
power as grounds of separation within these definite groups, it has
always been found, sooner or later, that this proceeding yields no
reliable results, and that it is useless in the long run.

When it is understood that the pathogenic qualities of the bac-
teria are their least constant qualities, that from clearly intelligible
causes they form the most variable item in the picture of micro-
organic appearances, we shall be very little inclined to cite varia-
tions in this particular as arguments against the law of constancy
of species before alluded to. In fact, it has hitherto, in every case,
been possible to recognize permanently as a separate species those
micro-organisms which have been once recognized as such. Itis
true that, under some circumstances, a very careful and precise
consideration of all their peculiarities is necessary: yet where this
condition has been fulfilled one species has never been found to
merge into another and display its characteristic marks.

In conclusion, one more point will be considered, which grows
naturally out of what has just been written.

That the virulence of a given micro-organism may, under natu-
ral conditions, be sometimes greater, sometimes less, we have al-
ready scen. This fact has been, with great probability, set down
as one of the reasons why the same infectious disease often occurs
with different degrees of malignancy, a phenomenon which would
otherwisc be very striking. It is known that the higher plants
show something similar; that, for instance, the fox-glove from a
given locality will yield in one year a very potent poison,in the
next year a very much weaker one. Now, if diphtheria bacilli of a
peculiarly virulent kind infect a human being and pass over from
individual to individual, at length causing an extensive epidemic,
will not, or cannot, its character depend on the original qualities
of the discase-cxciting micro-organism ?

Thesc considerations might be spun out to a considerable length
in various directions. But we will not exhaust ourselves in theo-
ries nor run on in advance of our real knowledge. It will not have
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Yet how necessary is reserve of opinion in this matter, has been
shown by the experiments of Koch and his collaborators, Gaflky
and LofHler, with regard to anthrax. They also found it possible,
by subcutaneous inoculation with attenuated bacilli, to make ani-
mals capable of withstanding an after-inoculation with cultures of
the highest degree of virulence. But they remarked, at the same
time, that this experiment did not by any means succeed equally with
every kind of animal, and, further, that even 1n the most success-
ful case a full security against all attacks of anthrax disease was

. not obtained. As we shall yet see, the animals, when infected

under natural conditions, usually received the virus along with
their food and in the alimentary passags. Material containing
spores goes through the stomach without the destruction of the
spores, into the intestines, and thence the bacteria spread to other
parts. Against this kind of infection the inoculation grants no
unconditional and reliable protection, so that the animals sometimes
die of anthrax in spite of the inoculation.

If this be placed along with the already-mentioned fact that
the vaccination itself, particularly with the stronger second virus,
sometimes ends fatally, it is natural that opinions are divided as to
the practical value of protective inoculation. This is a question of
utility which can only be decided by means of statistics, and statis-
tics show that for anthrax the use of protective inoculation is
desirable in countries or districts in which this disease occurs regu-
larly and spreads widely. Experience has also shown that this
inoculation yields better results with cattle than with sheep—a fact
which deserves due attention.

In the case of swine-erysipelas and chicken-cholera, the success
has not as yet been very satisfactory, and qualified advisers, there-
fore, pronounce against the use of inoculation as a protection
against these complaints. In the case of symptomatic anthrax, cat-
tle-doctors pronounce with one voice in favor of inoculation, which
may be regarded as a useful and effectual means of protection.

But these purely practical considerations do not touch the heart
of the question, and do not invalidate the very important scientific
fact that under some circumstances the most virulent matter
may be rendered ineffectual by inoculation with attenuated virus.

It may bereadily supposed that for a phenomenon so extremely
striking and 1mportant, causes and explanations have been sought.
Yet in spite of the most persevering efforts which of late have
almost exclusively occupied the attention of investigators, no cer-
tain result has hitherto been attained, and to the question as to
how the acquired immunity 1s brought about, we are still unable to
give a decided answer.
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Before discussing the various, and often contradictory, views
held by different authorities, let us state the simple facts, such as
they are. As just mentioned, it is possible to fortify animals, by
inoculating them with attenuated anthrax bacilli, against the
virulent bacteria. Bitter has shown that the thus inoculated bacilli
develop only in the immediate neighborhood of the spot where the
inoculation took place, and are not carried into other organs by the
circulating blood. Hueppe and Wood found that a species of bac-
teria, clearly distinct from the anthrax bacillus, apparently innoc-
uous and strictly saprophytic, was able to secure even very sus-
ceptible animals, such as mice and Guinea-pigs, against anthrax.
Roux and Chamberland found that cultures of virulent bacteria
freed from all micro-organisms and the tissue-juices of killed ani-
mals yielded protection against anthrax and a number of other
diseases. Before and after these investigators, Salmon and Smith,
Beumer and Peiper, as well as several others, have observed simi-
lar facts in regard to swine-fever, typhus, etc. Foa and Bonome
successfully employed upon the proteus a definite chemical sub-
stance which they supposed to be excreted in large quantities by
these micro-organisms, instead of using the real excretions, and
Wooldridge was even able to obtain immunity from anthrax by
means of a substance which has no connection with the vital
process of the bacteria, viz., by means of albumin from the tis-
sues, peculiarly changed and prepared.

How can all these so apparently contradictory facts be har-
monized with each other? Only, 1t would seem, by drawing the
conclusion that the immunity is brought about, not by the micro-
organisms themselves, but by certain chemical substances which are,
for the most part, bacterial products. These substances are produced
within the animal, at the place of mmoculation, by the attenuated
bacteria in continually-increasing quantities, and spread through-
out the body. They are also contained in the cultures of virulent
bacteria and in the serous fluids, which—for example, in malignant
cedema—develop in the subcutaneous cellular tissue of the infected
animals. If we inoculate with such matter, but without special
precautions, we obtain no success with infectious species, because
hive gerins begin to grow in the new individual, and bring death,
mstead of protection, from disease. But if we remove the micro-
organisms by careful filtration or cautious application of heat,
their excretions remain, which do not multiply in the animnal, but,
on the contrary, are diluted by mixture with the blood and the tis-
sue-juices, and their effects being thus diminished, they are able to
produce immunity.
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The real efficacious substances are sometimes formed not only
by one definite species of bacteria, but by several in the same man-
ner. Thus the results obtained by Hueppe and Wood may be ex-
plained as also those of Roux, Chamberland, and others, who by
inoculating with one kind of bacteria produced immunity from
several diseases, and who observed the frequent occurrence of re-
ciprocal inoculative protection by which one micro-organism se-
cured immunity against another, and vice versa. Some of the sub-
stances recognized as bacterial products are chemical bodies well
known and exactly defined as to their composition.

As neurin is one of them, we can understand how Foa and
Bonome were enabled to employ it with success. The results ob-
tained by Wooldridge may also be explained in a similar manner.
At all events, we have, on the one hand, in protective inoculation
certain chemical substances, excretions of bacteria, as an active
principle, and on the other hand the acquired immunity—i.e., a con-
dition which resembles that of the individuals to which nature has
granted immunity. How can such a cause produce such an effect ?

Of the many attempts at explanation which have been sug-
gested, we can only enumerate a few of the more important ones.
There is one supposition which we can clearly refute by the light
of what has already been written, and which we only mention on
account of its historical interest. It is the so-called theory of ex-
haustion set up by Pasteur and Klebs, which supposes that on the
“ first invasion” a number of substances are consumed in the body,
which form a necessary nutriment for the invading species of bac-
teria. As these substances are not afterward renewed, a second
attack becomes impossible; the exhausted soil has become unfruit-
ful. Being thus incompatible with the already-developed opinion
that it is not the bacteria themselves, but the chemical substances
that decide the question, this theoryv could no longer be maintained
after it had been discovered that soluble substances freed from all
living germs, which certainly could not produce such an exhaustion,
were, nevertheless, able to produce immunity. The observation
of Bitter, too, that the growth of the inoculated bacteria takes
place within a narrowly-limited portion of the organism, goes to
disprove this explanation, which supposes a general diffusion of
micro-organisms throughout the body and a complete exhaustion of
the available nutriment.

The second explanation, the so-called hypothesis of retention,
forms a direct contrast to the one just mentioned. Its principal
champion is Chauveau. It supposes that the excretions of the
bacteria remain in the body after the first invasion and prevent
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planation of the matter, and the fact that the acquired immunity
extends over years, and even over decades, drives many to the
conviction that there must be a permanent alteration in the condi-
tion of the whole body which could only be accomplished by the
influence of the active tissue cells.

These tissue cells form the basis and centre of a third hypothe-
sis, which, unlike those hitherto discussed, is founded on direct ob-
servations and incontestable experiments. We already know that
Metschnikoff ascribes the chief role in the relations between the
body and the bacteria to the white elements of the blood, as phago-
cytes. He found that virulent anthrax bacilli were received into
the white blood-corpuscles of insusceptible animals, attenuated
ones into those of susceptible animals, and, as he believed, there de-
voured and digested, while a similar process was not discoverable
in the case of susceptible animals and virulent bacilli. From these
facts Metschnikoff drew the following conclusions:

The presence or absence of immunity depends on the ability or
inability of the cells of the body to devour and kill off the bacteria.
This ability may be natural or acquired. In the latter case, the
cells where they have once had an opportunity of devouring atten-
uated micro-organisms with a milder poison which nature enables
them to withstand are so far accustomed to it that they can bear
a stronger dose without injury, and at last are able to devour the
most virulent material with impunity. This can be effected both
by gradual functional adaptation and also by a kind of selection in
which only the strongest and most vigorous cells remain and
transmit the acquired faculty to their descendants. The leucocytes
are but short-lived formations. A permanent resistance of the
organism to a disease which it has once passed through or against
which it has been protected by inoculation is, therefore, only con-
ceivable if we grant to the cells the power of transmitting an
acquired property unaltered to their children and their children’s
children.

This hypothesis, as must have been seen, presupposes an extra-
ordinary docility in the protoplasin of the white blood-corpuscles,
to which it attributes something like feeling, thinking, and acting—
a sort of mental perception.

But even if we raise no objection to this, there remain plenty
of reasons for combating the phagocytic theory. In our opinion,
the fact that it is essentially the excretions of the bacteria which
produce or are able to produce immunity is difficult to harmonize
with Metschnikoff’s hypothesis; for if no living micro-organisms
are present none can be devoured, to accustom the cells to the
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another case, as Metschnikoff supposes, the cells are the active
agents, or that chemical properties of the blood or of the tissue
juices participate; or, lastly, it is possible and even probable that
causes are in operation which are as yet unknown, and which
future investigators are destined to discover.

In the second and third cases there would be an artificial in-
crease of the power given to the body by nature for resisting the
attacks of micro-organisms. With the phagocytes there would be
an augmentation of their peculiar function in the blood, an increase
of bacteria-killing power. The latter, too, would indeed have to be
referred also to a special action on the part of the cells. A re-
active change in the fixed tissue element under the influence of
definite bacterial products, which shows itself in a change of the
composition of the blood, would then have to be regarded as the
cause of the phcnomena; the time elapsing between the protective
inoculation and the acquired immunity would be the time required
by the organism for the development of its mysterious powers, and
the strengthening of that degree of resisting power which has
been given to it by nature.

I have considered these matters at such length, notwithstanding
their uncertainty and vagueness, because, as I have already said,
they are closely connected with the important question of the heal-
ing of infectious diseases. It is true that we cannot speak so much
of a healing as of a means of protection, but we sec before us a pos-
sibility of mastering the most dangerous enemies of human life and
suppressing their destructive effects. A healing in the strict sense
of the term would indeed not be effected without our being able to
check and artificially remove the affection when it was already in
progress. This has also been attempted, and the present is per-
haps the best opportunity to consider the progress hitherto made
in this direction. The most natural way of proceeding is, of course,
to combat the further increase of the bacteria already in the body,
by the use of means known to possess qualities hostile to bacterial
life and calculated to kill bacterial germs. The natural powers of
the organism are in this case not called into requisition; but an
artificial aid, to which they stood in no relation previously, is
offered to them.

Unfortunately, the results obtained by this method have by no
means fulfilled the hopes with which it was first welcomed. All
the substances which, outside the body in the test-tube, have a
decided influence on the micro-organisms are powerless in the living
tissues unless they are employed in doses which would be directly
deleterious to the body, and would destroy it even more quickly
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air; it liquefies the gelatin and, somewhat later, generates a special
pigment which is at first pink, but afterward of a deep blood-red.

‘With the naked eye one sees, at first, only pale, saucer-like hol-
lows in the culture medium, the bottom of which are occupied by
whitish central masses of bacterial growth. Colonies which are
further advanced show clearly the full red color, and the micro-
scope also displays the central mass as granular and deep red,
while the color appears paler or dark brown toward the borders.
The solid gelatin does not everywhere present an equally definite
border dividing it from the liquefied part; it often shows a marked
waviness and has a collar-like edge. The great rapidity of growth
which the prodigiosus develops on gelatin, as well as on all other
artificial media, is particularly noticeable. In test-tube cultures,
100, a very quick and equable liquefaction of the gelatin all along
the puncture early makes its appearance; it soon becomes so ex-
tensive that it reaches the walls of the tube. The color develops
at first only on the surface, but gradually sinks to the bottom in
crumb-like portions and granules. As it is continually produced in
the upper part, the whole culture at last appears saturated with
color throughout its entire depth.

The pigment develops particularly well on agar-agar, and on
the obliquely-hardened surface a massive deep-red covering forms,
the color of which does not penetrate into the medium.

Blood-serum is liquefied by the prodigiosus, though less quickly
than gelatin, and also shows the development of color. That it
grows very rapidly on the potato, forming large blood-red blotches,
is already known. Older cultures have a peculiar play of metallic
color which strongly reminds us of the appearance of crystalline
undissolved fuchsin.

The chief peculiaritics of the prodigiosus are, therefore, the lique-
faction of gelatin and the production of pigment. The former is
caused by the action of a peculiar ferment, which dissolves glue
and fibrin, which can be separated from the bacteria, and the qual-
ities of which have recently been experimented upon by Fermi. As
a rule, the softening of the stiff gelatin by the prodigiosus is, as
already noted, very considerable. From this circumstance we may
take the hint to prepare at least three or more dilutions, instead
of the two ordinarily made, in order to get plates with well-dis-
tanced colonies.

Under some circumstances, the peptonizing power of the pro-
digiosus may be lost to a certain extent. Thus if it be cultivated for
a long time in the acid solutions already mentioned and trans-
planted to ordinary food gelatin, the liquefaction at first displays
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however, possess special interest, and it is hardly worth our while
to consider them here, although many have been exactly described
and their peculiarities carefully investigated.

We will only mention a few of the sarcinae which occur in the
air, because they display the peculiar cell-division characteristic of
this class of bacteria,in which the segmentation proceeds equally in
all directions.

YELLOW SARCINA.

The yellow sarcina derives its name from the beautiful sulphur
or lemon coloring matter which its cultures display.

The separate cells are colorless. They are somewhat large,
globular, or slightly-flattened cells, always occurring in the well-
known bale-like or packet-like arrangement. They stain readily,
yet in the colored preparations the peculiar form of the bundle
often becomes indistinguishable.

On the gelatin plate the colonies of the yellow sarcina grow but
slowly. They appear under the microscope as roundish, slightly-
granulated sulphur-colored masses.

In the test-tube cultures the yellow sarcina grows freely only
at the surface, where it forms a moderate-sized yellowish accumu-
lation, which is continued a short distance down into the puncture
in the shape of clearly-isolated granules. A little lower down their
size and frequency greatly diminish, and lower still no growth at
all takes place. 1n older cultures a very slow and slight liquefac-
tion of the culture medium is gencrally perceptible.

On oblique agar the yellow sarcina soon produces a thickish
coating of a canary-yellow color.

On potatoes it grows slowly and very gradually produces small
yellow spots and grains.

The yellow sarcina is a strictly aérobic bacterium; it also thrives
in the incubator.

The white sarcina differs from the yellow one only in the ab-
sence of the coloring matter; no other differences have been re-
marked.

The orange sarcina is distinguished by its forming a golden-
yellow pigment, as well as by its somewhat intense liquefaction of
gelatin.  Further, the separate colorless cells are perceptibly
simaller than those of the yellow sarcina.

On the glass plate it grows in the form of round granular
colonies with clearly-defined edges and orange-yellow color, which
liquefy the gelatin if they are on the surface.

In the test-tube the gelatin is softened throughout the whole
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depth of the puncture, but principally in the upper portion, in
which also the pigment is developed. In advanced cultures the
great mass of bacteria has sunk and lies at the bottom, while the
upper portion of the culture has become quite clear.

On agar the orange sarcina produces a very beautiful golden-
Yyellow, shining crust; on potatoes it grows slowly, producing, how-
ever, its characteristic pigment.

It is also strictly aérobic, and does not thrive, or but very im-
perfectly, in the incubator.

Lastly, a red sarcina is, perhaps, worthy of mention, since it has
been found by Menge that it can under some circumstances be the
cause of a reddening of milk under natural conditions.

The sarcina in question is a rather large one, which on the gel-
atin plate slowly forms colonies of moderate extent. These grad-
ually liquefy the culture medium to a very slight degree. They
form an intense rose-colored pigment, which appears in scratch
cultures on oblique agar, on potatoes with alkaline reaction, and
particularly in sterilized milk. This latter becomes, at length, so
strougly colored that one might fairly call it “red milk.” In non-
sterilized milk, which usually falls a speedy prey to lactic-acid
fermeuntation, the red sarcina is unable to thrive.

It is a strictly aérobic micro-organism and ceases to grow al-
most entirely at the temperature of the incubator.

.

BAcCILLUS MEGATERIUM.

Bacillus megateriuin, so named by De Bary, who first described
it, and which is of interest for us because De Bary employed it in
his important investigations concerning spore-formation and the
sprouting of spores, is a species of bacteria.

Megaterium was first discovered, by pure accident, on the leaves
of boiled cabbage, but it develops without difficulty on our ordinary
food media.

It is clearly a rod, about three times as long as it is broad, of
clumsy appearance, with strongly-rounded corners, frequently some-
what bent, so that it has also been called the “large comma bacil-
lus.”

Peculiar to it is the granulation of the cell-contents, which, un-
like those of most other bacteria, do not appear evenly transparent
and homogeneous, but covered with little granules and dark spots,
showing differences in the state of contraction of the protoplasm
for which we can give no explanation.

The Bacillus megaterium has a strong inclination to produce in-
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A chemical change, very different from the one just described, is
brought about in milk by a special kind of bacterium, which has
also been carefully studied by Hueppe.

Its rods are rather large, slender, and elegant, with rounded cor-
ners; they often occur in groups of two, but rarely form long
chains. They have a very lively power of locomotion, and at a
somewhat high temperature, say about 30° C., they produce spores
in the middle of the rods. These are gleaming oval-shaped bodies
which can be stained so as to distinguish them from the cell con-
tents. The non-sporulating cells take the anilin colors without
difficulty.

On the glass plate at first appear small white points which
quickly gain the surface, liquefy the gelatin very energetically, and
soon make the observation of individual colonies impossible. Under
the microscope the deeper-lying colonies show yellow, lumpy masses.
“When the liquefaction of the gelatin begins, the edge of the little
swarm of bacteria “unravels,” and the colony soon has the ap-
pearance of a grayish-brown mass, evenly granulated.

In the test-tube the gelatin is quickly and extensively liquefled,
the liquefaction proceeding as a rule pretty generally through the
entire depth of the puncture, the gelatin being colored with a slight
yellow tinge. On the surface a thin whitish-gray skin, with deli-
cate wrinkles, is formed, but the chief mass of bacterial growth
remains suspended in the liquefied gelatin as a thick opaque cloud.

On oblique agar the micro-organism grows as a light yellow,
greasy coating.

If a portion of pure culture is put into sterilized milk, a series of
chemical changes take place which are much favored by the tem-
perature of the incubator and free access of oxygen.

First comes, without any perceptible change in the amphoteric
rcaction of the milk, a general coagulation of the casein. It sinks
to the bottom in dense lumpy masses, and then begins at the end
of about eight days to decompose. The separated albumin is
changed into peptone and other products of decomposition, among
which ammonia holds a prominent place. At the same time the
milk becomes decidedly bitter to the taste.

From this fact Hueppe drew the conclusion that the rod-cells
just described must be identical with the much-talked-of bacilli of
butyric fermentation, to which the same or similar influences have
been attributed and which are generally acknowledged to possess
such powers.

There can, however, be no doubt, that Hueppe’s bacteria are not
identical with those exciters of butyric fermentation which have
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pense of the food medium on which they thrive, and out of which
they take what they require to form the pigment. The appearance
of the latter is, therefore, dependent on the chemical qualities of
the substratum, which explains its variable behavior. In milk it
takes its origin in the casein and more closely resembles pure blue
in its appearance the more distinctly acid the reaction of the liquid
becomes, in consequence of the lactic-acid fermentation.

According to the investigations of Scholl, the Bacillus cyano-
genus loses in long-continued, uninterrupted culture on our ordi-
nary gelatin more or less of its power to form coloring matter. It
becomes attenuated, like Bac. acid. lact.,and then produces no pig-
ment in sour milk, even under the most favorable circumstances.

BACTERIA OF DRINKING-WATER.

Every one knows with what care, at the present day, we watch
over the water which we drink, and how we endeavor by periodi-
cally-repeated examination to know at all times what it contains.
These examinations are both chemical and bacteriological. The
latter are intended to inform us as to the micro-organisms present
in the water. The particulars as to the manner of conducting such
examinations will be considered later. We will here only remark
that they have made us acquainted with a number of bacteria
which occur with a certain degree of regularity, and some of which
are distinguished by striking peculiarities.

Although they are without any special importance, yet we will
dwell briefly on some of the best-known species.

BaciLLUS VIOLACEUS.

In river-water we sometimes find a bacterium which produces
a beautiful violet pigment and which liquefies gelatin rather
quickly. .

This is Bacillus violaceus, a slender rod-cell about three times as
long as broad, which is often found in moderately-long strings. It
has a very lively spontaneous motion and forms spores in the mid-
dle of its cells.

On the glass plate its colonies at first appear to the naked eye
like little air-bubbles inclosed in the gelatin. On closer examina-
tion it will be found that these bubbles are nothing but an even
liquefaction of the gelatin, which proceeds also in a downward
direction, and at the bottom of which the whitish culture lies.
Under the microscope the colonies appear as small irregular heaps,
with confused, fibrous, loose edges. The larger colonies which have
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already reached the surface show a circular, sharp border, with
strong refractive power, which is, in fact, the line of demarcation be-
tween the liquefled and still solid gelatin. At the bottom of the
former lies the granulated mass of the colony, which already shows
the bluish-violet coloring matter. The further the development pro-
ceeds the more closely the pigment becomes visible to the naked
eye.
In the test-tube this bacillus liquefies the gelatin in the shape
of a funnel, and throughout the whole depth of the puncture. On
the surface there is generally formed a bubble-like contraction,
while the chief mass of the culture sinks to the bottom of the
funnel-shaped liquefaction in small coiled-up bluish-white masses.
On oblique agar a deep bluish-black coating forms, which shines as
if lacquered. On potatoes the bacillus grows at a moderate rate
and forms a bluish-black covering.

There is also a red-water bacillus. It is extremely mobile, and
shoots hastily across the microscopic ficld in long threads. Its
separate cells are about the same size as those of the violet bacillus.

On the glass plate the red-water bacillus appears in small, yel-
low, lumpy colonies, which soon become surrounded with a tender,
transparent, collar-like border. Then the liquefaction of the gelatin
commences, and the colony becomes an evenly-granulated mass.
In the test-tube the secretion of a yellowish-red coloring matter
occurs, together with the liquefaction of the gelatin. On the sur-
face a thin, somewhat crumpled skin is formed, under this is a layer
but slightly colored, and at the bottom the yellowish central mass
of the culture, consisting of slimy threads. On agar a thin cover-
ing spreads out, which is clearly yellow in the middle, while the
irregular edges are paler.

The best fleld for the development of the pigment peculiar to
this species is the potato. Here the whole surface is quickly cov.
ered with a rusty-red or orange-yellow coating, which is scarcely to
be found elsewhere in such perfection.

FLUORESCENT BACTERIA.

Several of the bacteria which occur frequently in water produce
on gelatin a green pigment, which under some circumstances is
beautifully fluorescent, and the color of which reaches far into the
culture medium. Two of them, differing in the forms of their col-
onies on the glass plate and in the appearance of the cultures in
test-tubes, liquefy the gelatin, and two of them develop without

liquefying it.
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One of these latter is a small, fine bacillus without any power of
spontaneous movement.

On the glass plate it forms large, iridescent colonies, with jagged
edges, which,under the microscope, appear as light yellow, delicate
disc-like plates, and display very fine, elegant, leaf-like markings.
In the centre one often sees a darker speck from which the colony
began. In the test-tube it grows almost entirely at the surface;
the puncture remains sterile. A tender, circumscribed growth
takes place with irregular edges, which permeates the gelatin for
some distance with a beautifully gleaming, iridescent pigment.

The other non-liquefying bacterium is also a bacillus, but with
the power of spontaneous movement, much larger than the one
just trecated of, and characterized by its forming large central
spores which possess a peculiar, strongly-red gleam and glitter.
This may, under some circumstances, be so striking that one is
led to suspect at first sight that it has been stained with fuchsin.
It has, therefore, been described as Bacillus erythrosporus.

On the glass plate and in the test-tube it grows like the previ-
ous species, only that its colonies do not show the same beautiful
markings, and that some growth occurs in the puncture, at least
in the upper portion of it. The production of the iridescent color-
ing matter proceeds just as in the last-mentioned species.

All these water-bacteria have certain qualities in common: they
are all aérobic species, which are distinguished by particular sensi-
tiveness to any want of oxygen; they will not thrive at high tem-
peratures, which, of course, prevents them from developing any
pathogenic qualities; lastly, they find in ordinary water, without
any addition of nutriment, all the requisite conditions for their
growth and propagation, and thus their unpretending nature may
even, under some circumstances, enable them to live in water that
has been repeatedly sterilized and distilled, and thus to subsist on
a quantity of organic substance so small that it may be said to
hardly exist at all if judged by our ordinary standard.

PHOSPHORESCENT BACTERIA.

The water of the sea is likewise the home of a special group of
micro-organisms, which have become known to us chiefly through
the investigations of B. Fischer. They all possess the capacity of
shining in the dark, they are phosphorescent, and in artificial cul-
tures this peculiar phenomenon is readily observed.

‘We know at the present time three different species of bacteria
which glow in the dark. One, called Bacillus phosphorescens by
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this species, often continuing for months in our artificial cultures,
and thus admitting of extended examination, we shall devote some
space to the consideration of this micro-organism.

Take a number of fresh sea-fish which have not yet become dry
on the outside—haddock or herring are the best—and keep them
beween two plates at about 15° C. Asa rule, at the end of twenty-
four hours some of them show shining spots which soon increase
in size, and often on the second day spread over the whole body.
Later on, as the decomposition begins and progresses, the phos-
phorescence diminishes gradually in intensity and at last disap-
pears altogether.

In this same manner other kinds of food (bread, raw beef, fat,
etc.) become phosphorescent, and as investigations thus far made
have shown, always in consequence of the presence of one and the
same micro-organism which has been described by Fischer as Bac-
terium phosphorescens.

It is a short, thick rod-cell with rounded ends which frequently
forms globe-like cells, when a rapid fission of the rods takes place,
thus reminding us in its outward behavior of Micrococcus prodigio-
sus. Like this, its cells often cohere in twos or threes, and occa-
sionally form long threads. We must mention, too, the regular
and early occurrence of involution forms, which often take a very
peculiar shape. It is not motile; the existence of spores has
not yet been observed. Like the other phosphorescent bacteria, it
can be stained without difficulty with the ordinary anilin colors.

On the gelatin plate its colonies develop at a moderate rate.
They are small, white, and have a gleam like that of mother-of-
pearl, never become larger than a pin’s head, and never under any
circumstances liquefy the food medium. Under the microscope
they appear as small, roundish, yellowish-white drops with sharply-
defined but irregular edges and granular contents, often arranged
in several concentric layers.

In the test-tube culture the growth proceeds all along the punc-
ture in white globular grains, yet far more luxuriant at the sur-
face, where a grayish-white thin coating forins, which occasionally
breaks up into separate flakes. In older cultures the culture me-
dium becomes of a yellowish-brown color in the vicinity of the bac-
terial coating.

Scratch-cultures, on obliquely-hardened gelatin, show a thick
growth, which is confined to the immediate vicinity of the inoculat-
ing scratch; also on oblique agar and potatoes the growth does
not extend far beyond the inoculated portion.

The Bacterium phosphorescens does not thrive at the tempera-
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we make a cover-glass preparation of such a colony, we see that
all these branches and outgrowings of the little culture come out
as colored markings. A stronger magmification with oil immersion
will show that the ramifications consist of separate rod-cells ar-
ranged in strings, which in their rapid growth yield such strange
forms and figures.

It is true that it is not easy to get preparations in which all this
is clearly displayed. The liquefaction of the gelatin is exceedingly
rapid and spreads widely; it requires four or five dilutions to yield
a plate not too crowded, and even then it is often difficult to select
the right moment for observation.

In the test-tube culture the liquefaction of the gelatin proceeds
evenly fromn the puncture and soon the entire contents of the tube
are melted. At the surface a thick layer of whitish-gray, cloudy
substance collects, but does not advance to the formation of a crust.
Under it is a somewhat clearer fluid, and at the bottom lies the
chief mass of the culture in flakes and crumpled portions. Agar
is quickly covered over with a moist, shining, grayish-white thin
coating. On potatoes a dirty-colored, fatty coating appears, which
has no peculiarities worthy of note.

This bacillus thrives excellently in the incubator; on media rich in
albumin it forms poisonous excretions, and hence has toxic qualities.
If we introduce a considerable quantity (3 to 5 cm.) of such cultures
into the peritoneal cavity of a rabbit or Guinea-pig, or if we inject
it into the blood of these animals, they perish in a short time. A
dissection often shows symptoms of acute peritonitis or of a well-
pronounced inflammation of the intestinal mucous membrane.

The Proteus vulgaris is the species against which Foa and
Bonome were able to grant immunity by means of a definite chem-
ical substance. An increased power of resistance on the part of an
animal against a strictly toxic micro-organisin such as the proteus,
can only be brought about by gradually accustoming the animal to
the poison. Fod and Bonome proceeded from the a priori suppo-
sition that neurin was a chief product of the proteus. Their exper-
iment succeeded; they were enabled, by the use of this substance,
to bring about immunity against the effects of proteus cultures.

The proteus species (vulgaris, mirabilis, and Zenkeri) discovered
by Hauser have since been increased by others (Proteus hominis and
P. capsulatus) which have been particularly studied by the Italian
investigators Bordini-Uffreduszi and Banti, and which play a part
in human diseases. It would lead us too far to enter into a partic-
ular description of them here. Suffice it to say that they seem to be
inhabitants of the intestinal canal which are harmless under ordi-
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lucid, and show perfectly regular screw-like windings. The length
varies extremely, according to the more or less favorable conditions
of development, so that one may sometimes find spirilla of only
three or four windings, sometimes of more than forty. They are
very motile, and the shorter ones especially shoot quickly
across the field with a twisting or boring motion, while the larger
ones gradually grow less active, and at last quite lose their power
of locomotion. The organ of locomotion is easily seen by the aid of
Loffler’s process as a wavy flagellum at either end of the screws.

The spirillum multiplies by means of transverse segmentation.
A thread breaks up into several more or less equal portions, which
again in their turn grow out into individuals of greater length.

This micro-organism has ‘a marked inclination to produce in-
volution forms. Older cultures in particular contain hardly a sin-
gle individual which would fully answer to the above description.
One sces only quite short threads often curiously dilated, or thick-
ened at the end, which do not recover the normal form till they
are transplanted to a fresh food medium.

The investigations of v. Esmarch leave it undecided whether
the spirillum forms spores or not. In the unstained preparation
one often notices that a number of screws have bright, sharply-
defined spots in their interior, and these when treated with anilin
stains, even if the latter are warmed:- and allowed a long time to
act, remain as unstained gaps. Such spirilla possess a very con-
siderable power of resistance against desiccation, and when pre-
served on silk threads are capable of propagation after eight weeks.
On the other hand, they perish from high temperatures above 50°
C. at once, and as a special staining of the already-mentioned spots
in the manner of double spore-staining has hitherto always failed,
we must reserve our judgment as to the sporulation or non-sporu-
lation of the spirilla until further investigators have thrown more
light on the question.

The spirillum thrives best at temperatures between 16° and
about 40° C., while 37° suits it best. Yet the capacity of sponta-
neous movement can only be permanently retained at low temper-
atures. If the access of oxygen is restricted, moderate growth
still continues.

The growth of the spirillum is extremely slow and tardy on all
our food media. On the gelatin plate, for instance, the commence-
ment of its development is not recognizable till after five days, and
weeks pass before colonies visible to the naked eye are formed.
‘When they appear they are seen as grayish-red rounded heaps as
large as a pin’s head, which never liquefy the gelatin and which ap-
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pear under the microscope as finely-granulated, yellowish-red discs
with sinooth edges.

In the test-tube culture thickly-crowded, roundish grains grad-
ually form along the puncture, which in the deeper parts take a
beautiful wine-red color, while in the upper part, near the top of the
puncture, they remain colorless. This fact stands in direct con-
trast to what is usually observed, viz., that the pigment-forming
micro-organisms need oxygen for the development of their coloring
matter, which therefore appears chiefly or even exclusively at the
surface.

Only one.other bacterium, the Bac. lactis erythrogenes, which
has been specially studied by Hueppe and Grotenfelt, behaves in
this respect like Spirillum rubrum. It may be that Hueppe’s view
is correct that such bacteria form their pigment as a direct excre-
tion as “color ptomaine,” quite independent of other influences and
conditions.

On oblique agar and blood-serum the Spirillum rubrum produces
a coating with well-defined edges and a moist, transparent appear-
ance, which does not spread far from the inoculation scratch. It is
at first whitish-gray and afterward rose-red in thickish layers.

The potato, too, forms a suitable medium, yet here the growth
is tardy, and the deep red colonies do not become larger than a
hemp-seed.

While the spirilla generally form only short, incomplete screws
on all the solid media, in fluid nutritive solutions, specially in beef-
bouillon and sterilized milk, we often find those long-drawn spirals
with many coils which have already been mentioned.

The Sp. rubrum seems to possess no pathogenic qualities.

SPIRILLUM CONCENTRICUM.

The Spirillum concentricum is found in putrefying ox-blood, and
is perhaps identical with the thick screw-like bacteria which are
usually met with in the same.

Morphologically it behaves in just the same way as Sp. rubrum:
it forms short, imperfect screws on solid media, while in fluid ones
it produces long screws with many turns with brisk spontaneous
movement and provided with flagella. Like rubrum, too, it is in-
clined to degenerate into involution forms,and is without anything
that can be clearly proved to be a spore.

Its growth takes place within tolerably wide limits as to tem-
perature, yet it thrives better at ordinary room-temperature than
in the incubator.
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On the gelatin plate grayish-white, round colonies of middle
size develop rather quickly. These are seen under the microscope
as sharp-edged, slightly-granulated discs. If they reach the sur-
face of the food medium, they often show a peculiar concentric
arrangement, narrow transparent rings, alternating with broad
opaque ones, so that the whole bears some resemblance to a
cockade.

The gelatin is not liquefied.

In stab-culture the growth takes place more at the surface than
in the depths. It isstriking that the neighborhood of the puncture
is gradually occupied more and more by the culture. The spirilla
bore into the solid gelatin, and push forward through it; this be-
havior is particularly noticeable in scratch cultures on oblique
gelatin. From a tough bacterial growth on the surface a cloudy-
looking whitish-gray substance extends down to the very bottom.

The development on agar offers nothing remarkable; on pota-
toes no growth takes place.

As far as we know, the Spirillum concentricum is as destitute of
pathogenic qualities as the Sp. rubrum.

This is all that will be said of the non-pathogenic bacteria, al-
though the consideration of them has been incomplete in two re-
spects.

On the one hand, there are many bacteria which have been ex-
amined by the new methods of research and found to be well-de-
fined and separate species, but which have not been described
because they do not possess for us sufficient importance to merit
special attention.

On the other hand, there are other bacteria which occupy an
important and prominent place in books on bacteriology, especially
older ones, and might therefore seem to deserve notice. But all of
them—Micrococcus urez, Bacterium aceti, Bacillus ulna, Ascococ-
cus Billrothii, etc.—share the fate of Bacterium termo. They are so
many denominations which will remain without value for us until
the modern means of investigation shall have yielded more infor-
mation about them and enabled us to say precisely what we under-
stand by them.

Until that has been done such names have only a historical im-
portance, and the writer must be excused if they are passed over in
silence.
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regularly present in that affection; when, further, it can be culti-
vated outside the organism; and when,lastly, it is able to reproduce
the same pathological effects when its artificial cultures are inocu-
lated. There are, it is true, but few bacteria that are in the happy
position to fulfil all these requirements. With one species this link,
with another that link, is wanting in the chain of irrefragable proof;
but it has already been stated that, supported by other experiences
and known facts, we at the present day are in some cases justified
in calling a certainty that which, properly speaking, is only a very
high degree of probability.

As to the order in which we take up the different pathogenic
species, it will be an advantage if we bring together some smaller
groups whose members offer certain points of resemblance and
can be regarded from a common peint of view. The order of the
members within such a group is a matser of indifference.

I. ANTHRAX BACILLUS.

Anthrax is one of the most widely-spread and most destructive
diseases which attack cattle of all kinds, and it is not infrequently
communicated from them to mankind. In its appearance and prog-
ress it offers so many peculiarities that investigators long since
turned their attention to it and sought to discover its exciting
causes. The discovery of the anthrax bacillus was the first step
into a world till then almost unknown.

In 1849 Pollender saw rod-like forms in the blood of cattle af-
fected with anthrax, and shortly afterward Brauell, quite indepen-
dent of the first-named examiner, noticed the same thing. Both
recognized the vegetable nature of these forms, perceived that they
were foreign to the animal body, but both failed to comprehend
their true importance.

It is to Davaine, who published his celebrated observations in
1863, that the most credit is due for the elucidation of this subject.
He was the first to assert definitely that the rod-cells were the cause
of the disease, and if not able to prove the truth of his assertion,
at least to make it extremely probable by a series of admirable
investigations. He showed that the bacteria are a constant accom-
paniment of anthrax, and completed his discovery by a very con-
vincing experiment, which had been tried in a similar manner by
Brauell before him. If he inoculated healthy animals with the
blood of sheep affected with anthrax after the bacteria had been
separated from it, they bore it without any injury; but they per-
ished without exception when the inoculated blood contained the
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rod-cells. This experiment has since been repeatea times without
number, and always with the same issue. It may here be men-
tioned, too, that Pasteur, after the method of Klebs and Tiegel by
filtration, arrived at similar results.

The great progress which followed in our knowledge of the
anthrax poison—that is to say, of the bacillus and its peculiar quali-
ties—we owe, in the first place and chiefly, to the investigations of
R. Koch, whose brilliant career of general bacteriological research
commences here. He saw the development of the cells, the spores
in the interior of the cells, and thereby correctly classified anthrax
bacill. What is of still more importance, he succeeded in breeding
the rods artificially outside the animal organisms, and transmitted
them successfully to susceptible animals, thus establishing an ir-
refragable proof of their specific importance.

Since then the study of the anthrax bacillus has not rested for
a moment, and has been the means of adding many useful facts
to our stock of knowledge. It will therefore be apparent that the
anthrax bacillus, the best known of all the bacteria whatever, which
indeed serves as a sort of paradigm for all other pathogenic micro-
organisms, deserves to be treated very thoroughly and carefully.

The anthrax bacillus (Bacillus anthracis, the “Bactéridie du
charbon ” of the French) appears, when taken from a young culture
made from the blood of an animal which has perished of anthrax,
as a large, evenly-pellucid rod-cell with slightly rounded endd. The
separate cells are of various lengths, but are generally somewhat
shorter and considerably narrower than a human red blood-cor-
puscle.

The cells are perfectly motionless under all circumstances. The
slight trembling and waving of the rods which is sometimes ob-
served is always the result of small currents in the surrounding
fluid.

If we place such bacilli in a drop of our ordinary food bouillon
and inclose the drop in a hollowed slide, we may, under the micro-
scope, watch the entire further development of the bacteria step by
step. At a somewhat high temperature the rods begin to grow by
continuous transverse segmentation and the formation of new cells,
and to extend out into the culture medium. After twelve to
twenty-four hours the short cells have become long threads, which
stretch across the entire fleld, and only here and there, by a slight
constriction or bending of the thread, show that they really consist
of short pieces joined together.

The transparent nature of the protoplasm has now disappeared,
The cells look clouded and, as it were, granulated. They contain a
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great number of very small grains and dots, which are irregularly
distributed over the bacterial body and which appear sometimes
quite dark and opaque, sometimes with a gleam peculiarly their
own.

Twelve hours more, and the picture is once more transformed.
The number of threads has still further increased; they now fill the
whole preparation in dense masses and generally show an arrange-
ment which is characteristic of the anthrax bacillus. They twist
in numerous windings round each other, and thus sometimes form
very remarkable groups which might remind one of the appearance
of a Chinaman’s pigtail, or a ship’s cable with the twisted threads
that compose it.

The granulation has in the mean time become more distinct, an .
now at a suitable temperature usually develops into spore-formation.
The small aggregations of more solid protoplasm flow gradually
toward the middle of the cell and unite there to form a large,
strongly-refracting body, which gleams forth out of a darker back-
ground as a bright spot with somewhat irregular boundaries. This
body increases in brilliancy, its form becomes well defined, it be-
comes surrounded with a capsule, which may be recognized as a
sharp contour, and the spore is now fully formed. The fruit-bear-
ing cell has not altered its appearance during this process, and the
spore lies, an egg-shaped, bright, shining thing, in the middle of
the cell, than which it is considerably shorter, although about
equally broad. If the sporulation extends at the same time to all
the members of a thread, it yields a particularly beautiful sight.
Like pearls on a string, the gleaming little balls lie at regular dis-
tances from each other.

Presently the transparent remainder of the cell-contents which
was not employed to form the spore dissolves and vanishes—the
spore is free.

If the latter finds its way into fresh nutritive solutions, it begins
to sprout and becomes a rod-cell. In order to watch this process
under the microscope the spores should be transferred into a hang-
ing drop of nutrient gelatin, or still better, food agar. The drop
quickly hardens and imbeds the separate spores which it contains
so firmly that they cannot get away from the spot, and can thus
be subjected to an uninterrupted examination. We then see that
the spore begins to lose its gleam, stretches itself longitudinally
till the tough spore membranec breaks at one pole, and the young
rod-cell makes its appearance at the opening. It stretches itself in
the direction of the longitudinal axis of the spore, pushes off the
membrane completely, and so brings the simple course of develop-
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ment of an anthrax bacterium to its conclusion; from the bacillus
to the spore, and from the spore round again to the bacillus.

It is true that the process is not always completed as above
described. If the conditions of growth and nourishment are less
favorable, the rod-cells become atrophied. The anthrax bacillus
has a decided inclination to produce involution forms, which gener-
ally appear as lumpy, swollen, irregular bodies.

The healthy development of the bacilli depends on the proper
nourishment, of which we shall speak presently, and also on proper
temperature and atmospheric conditions. Under 16° C. this bacil-
lus cannot live, and the upper limit is about 45° C.; the optiinum of
temperature is at about 37° C., yet 30° C. suffices to enable it to
develop very luxuriantly and perfectly. In our artificial cultures
Bacillus anthracis shows itself very sensitive to a want of oxygen.
A slight diminution of this gas is sufficient to check its growth,
while in the living body other conditions prevail.

The occurrence of sporulation depends on the fulfilment of
special conditions.

It takes place only within certain limits of temperature, in par-
ticular not under 24° to 26° C.; therefore as a rule not in our ordi-
nary gelatin, which, as we know, cannot be exposed to such a tem-
perature without losing its solid character. Further, there must
be an unchecked access to oxygen. This explains the fact that the
anthrax bacillus forms no spores in the living bodies of animals or
in their uninjured dead bodies, and that in fiuids of some depth
when the bacteria sink to the bottom sporulation hardly ever takes
place. The best fields for the development of spores are, therefore,
the surfaces of our solid media, agar and potatoes, and then shal-
low vessels of bouillon or highly-diluted human urine, etc., which in
all parts are accessible to the air.

These facts point also to the cause of the fruit formation. The
formerly often-mentioned exhaustion of the food medium has cer-
tainly very little to do with it, for there is no difficulty in bringing
about an extensive and rapid sporulation in a rich food solution,
which would nourish a thousand times more bacteria than it con-
tains. It seems, on the other hand, as already mentioned, as if the
occurrence of sporulation was the expression for the culminating
point of growth in the anthrax bacillus as wel! as in other plants,
and as if it showed an extremely perfect stage of development.

It is remarkable that the anthrax bacilli in some circumstances
permanently and completely lose the power of producing spores.
Lehmann, Heim, Buchner, and particularly Behring, have described
these sporeless varieties, which differ in no other respect from the
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scalpel or platicum hook, and mix it with sterilized water in a dish
until a homogeneous ‘opaque, grayish-white liquid mass is formed.
A number of pieces of silk thread about 4 cm. long have previously
been sterilized in a test-tube with dry or moist heat. These are
now laid in the sporesolution, well stirred up with it, and then
laid out in rows on a sterilized sheet of glass. A bell-glass pro-
tects them from impurities in the air, and in a few hours they are
completely dry and can be taken up with the forceps and preserved
in a safe place. They remain efficacious and reliable for years.

We have stated that the anthrax bacilli appear in the hanging
drop as rod-cells of perfectly uniform transparency and with
slightly-rounded ends. It is otherwise, however, when we employ
staining solutions. As a rule, it is true, the cells take the color
equally in all parts. Bacilli taken from a fresh culture have, in a
stained cover-glass preparation, a strong resemblance to other large
rod-cells, for example to those of the hay bacillus, only that they
show decided corners and do not appear pointed at the ends like
the hay bacillus.

But if the bacteria are derived from the blood or tissue fluids of
animals which have died of anthrax, a very peculiar behavior is
noticeable in the staining. Occasionally a narrow central zone in
the interior of the cell, running parallel to its longitudinal axis,
proves particularly susceptible to the stain, and stands out as a
dark mass from its paler surroundings, which look like its capsule
or halo. This effect is obtained specially by quick staining with
Ziehl’s solution or carbol-methyl-blue, which would lead to the sup-
position that we have in this case a bacterial nucleus with its pro-
toplasmic body.

In most cases, however, the appearance of the rod-cells in the
stroke-culture is different. They show no difference between centre
and circumference, but are striking from the very curious form of
their ends, which are distinctly concave. Thus it happens that
where two cells come together end to end, an oval free space is left.
As one must regard a single cell not as a flat body, but as a
rounded or cylindrical staff, the formation of the ends must be
something like that of the top end of the radius where it joins the
bone of the upper arm.

‘When a long row of rod-cells is seen united, one is reminded of
a bamboo-cane, the tuickenings and constrictions occurring at reg-
ular intervals bearing a certain resemblance to the joints of the
cane.

What may be the cause of this peculiarity is difficult to decide.
Perhaps the membrane (which, as in other bacteria as well as the
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as a rule spores are formed In great number at a suitable tem-
perature.

The list of substances able to furnish the anthrax bacilli the
necessary conditions for undisturbed growth is not yet by any
means exhausted. The most widely-differing substances, chiefly of a
vegetable nature, it is true, are able to yield sufficient nutriment,
and infusions of hay or pea-straw, seeds of all kinds which contain
starch, flour, wheat especially, and also turnips, etc., satisfy the
appetite of this bacillus, which is not very dainty.

Although after what has been said it may not seem sufficiently
clear that the anthrax bacillus is not specially formed for a par-
asitic existence, yct this view will be corroborated by a very simple
consideration. It will be remembered that we regarded the forma-
tion of spores as the expression of the culmination of development
in a micro-organism; it is at any rate a very important, almost
indispensable, part of its development. But the anthrax bacillus
forms its spores only outside the bodies of animals, and we may,
therefore, conclude that it is originally a genuine saprophytic spe-
cies, which indeed can occasionally make an excursion into foreign
regions, but must return to its proper home to obtain its maximum
development.

For us, indeed, the parasitic existence of these bacilli is particu-
larly interesting and important, since it is here that they display
their pathogenic qualities. The anthrax bacillus is one of the most
infectious species known to us. The very smallest portion of a
healthy culture, suitably inoculated into a susceptible animal, suf-
fices with certainty and under all circumstances to produce splenic
fever, and as a rule to cause death.

The entrance of the bacteria into the body may take place by
any of the ways which are open to the micro-organisms, and there
is no definite mode of infection to which the anthrax bacillus is
limited.

Thus it may enter through slight injuries to the skin, by inocula-
tion, or by subcutaneous application. In this so-called wound an-
thrax or inoculation anthrax the bacteria spread chiefly by way of
the blood; a simple cell may increase to many millions and so over-
run the entire organism. The affection is characterized as a genu-
ine septicemia, and the post-mortem state of the body confirms
this view.

After inoculation of a Guinea-pig with anthrax, the vicinity of
the place of inoculation is almost unaltered as a rule. Only in rare
cases do we find a considerable extravasation of blood or even gan-
grene near the point where the infection took place. The virus has
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vessels, thus gaining the opportunity to exert their terrible action
to its full extent.

The animals on which we usually experiment are generally non-
susceptible to the intestinal or alimentary infection. It requires
very large quantities of spores, for instance, to infect a Guinea-pig
in this manner. When the experiment is successful, a hemorrhagi-
cally-infiltrated or even ulcerous spot in the intestinal mucous
membrane shows the place where the intestinal infection took
place. Sheep and cattle, on the other hand, are particularly sus-
ceptible to anthrax, and we shall shortly declare that this is the
most usual way in which the infection takes place under natural
circumstances.

In our transmissions we must, of course, always take note of
these differences, and the susceptibilities of the various species of
animals to one and the same kind of infection are important parts
of the question.

It has been found that dogs, the majority of birds, and the am-
phibia are almost entirely refractory. If we place even a large
quantity of anthrax culture or a portion of infected spleen under
the skin of a frog (for example, in the dorsal lymph-sac) it remains
unaffected by the attack, and at the place of inoculation will be
found a rich store of phagocyles, i.e., of white blood-corpuscles, all
filled with bacilli evidently on the high road to decay and dissolu-
tion. But if we keep our frog at a high temperature in the in-
cubator and employ warmth as a means of favoring the growth of
the bacteria, we may nevertheless succeed in bringing them to
develop, even on a soil to which they are naturally so averse. The
animal dies, and on examination is found to harbor numerous
bacilli, mostly arranged in long, curiously-winding, and intricately-
tangled threads.

Of other frequently-employed animals, the white rat is usually
but little susceptible. The rabbit is very much more accessible;
Ghuinea-pigs, sheep, and cattle are sure to yield to the infection, and
at the top of the list stand the white mice, which form a never-fail-
ing object of experiment.

The pathogenic effects of bacteria, as stated, are referred to
their producing certain peculiar excretions which are the true
cause of disease, and are, therefore, the most important item in the
whole process. In the case of some micro-organisins we have suc-
ceeded, as already noted, in defining these substances in a tangible
form and fixing their nature.

The attempts made to reach this point as regards the anthrax
bacilli have not as yet been entirely successful. Hoffa, indeed, has

14
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reported experiments in which he thinks he has nearly accomplished
this; but his results are not sufficiently certain and indubitable to
warrant a final decision as to the nature of the anthrax virus.
More recent experiments have made it at lecast extremely probable
that, in the case of the anthrax bacilli and other pathogenic bac-
teria, not only crystallizable substances of a basic character, but also
some peculiar derivatives of the albuminoid substances, the so-
called foxalbumins, play animportant part in the pathogenic action.

We have special reasons for the opinion that the excretions are
of decisive importance. We have already considered at some
length the fact that it is possible by certain measures of an injuri-
ous nature to attenuate anthrax bacilli and rob them of their infec-
tious qualities. The best means for this purpose is heat—the breed-
ing of the bacilli at an unusually high temperature.

Toussaint, for instance, was able to render blood from splenic
fever harmless by keeping it for ten minutes at 55° C.; Pasteur
made use of low temperatures; Koch, Gaffky, and Loffler showed
that a high temperature of about 42.6° is the most suitable for
depriving the anthrax bacillus of its virulent properties.

One must, it is true, cultivate it for a considerable time at that
temperature, and it is not fully harmless till the end of about
twenty-four days. One takes a number of Erlenineyer’s flasks with
food bouillon, inoculates them with bacteria in possession of their
full virulence, and lets them stand about three weeks in the incuba-
tor at 424° C. Cultures which before the end of this period are
brought back into natural circumstances show at least a partial
attenuation, and it is possible to pruserve in a continuous series the
intermediate degrees of virulence. For instance, one takes the first
flask out of the incubator at ten days, finds by experiment on an
animal that the virulence has diminished, and transfers at once toa
culture medium which remains at ordinary temperature, in order
to breed this variety of attenuated virus.

Behring has found that the attenuated bacilli form different
excretions than the virulent ones. With the imperfect means at
our command we have only been able to absolutely fix this differ-
ence in one point. We have found that the virulent rod-cells
develop large quantities of acid, while the attenuated ones excrete
substances rather alkaline than acid. The latter, too, have a power
of raising the temperature which is wanting in the former. While
the heat of an infected animal’s body will rise several degrees
when infected with the attenuated anthrax bacilli, the inoculation
with virulent ones produces no such result, and shortly before death
we even notice a very considerable decrease of temperature.
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The question of attenuation has not only a theoretical, but also a
practical interest, since it stands in immediate connection with the
question of artificial immunity.

‘We are aware that sheep anc cattle which it is intended to in-
oculate protectively on Pastcur’s system, are first infected with a
weaker material (premier vaccin) and after some days with the
stronger material (deuxiéme vaccin). Asa rule, a more or less vio-
lent inoculation fever ensues; when this is over, one can inoculate
the animals with material of full virulence without its harming
them. Against intestinal anthrax they are, however, not perfectly
safe, as has been shown by Koch, Gaffky, and Liffler, and this is
one of the reasons which make it undesirable to unconditionally
recommend the adoption of protective inoculation as a regular
practice.

No other species of bacteria has been so carefully studied as the
anthrax bacillus with regard to attenuation and immunity, sepa-
rately as well as in their mutual relations to each other. For both,
quite a number of other procedures have been recommended be-
sides the one just mentioned, which, however, is the only one that
has any importance for ordinary practical use.

According to Toussaint, virulent anthrax bacilli are rendered
non-poisonous by adding 14 of carbolic acid to anthracic blood;
Chamberland and Roux obtained the same result by breeding in
food solutions containing from {}.,% to J,% of bichromate of potas-
sium; Lubarsch and Petruschky found the attenuation took place
when the bacilli are compelled to exist in the bodies of non-inocula-
ble animals—of frogs, for instance; Chauveau discovered that an
increased pressure of six or eight atmospheres produced the same
effect; Arloing was able to diminish virulence by direct exposure
to sunlight.

Chamberland and Roux, to obtain artificial iinmnunity, employed
sterilized cultures of virulent bacteria instead of attenuated bac-
teria; Hueppe and Wood performed a successful protective inocu-
lation by means of a perfectly harmless species of bacteria, scarcely
allied to the anthrax hacillus; Hankin obtained from anthrax cul-
tures a substance which granted immunity--an albuminoid body
of peculiar qualities; Wooldridge, lastly, took aqueouns extracts rich
in albumin, from the thymus gland and the parenchyma of the
testicle of healthy animals, and with this obtained protection
against anthrax.

This is the proper place to consider certain discoveries which
are more or less connected with the question of immunity. Behring
made the rat, which is naturally refractory to anthrax infection,
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susceptible by diminishing the alkalescence of its body; Emmerich,
Pawlowsky, Bouchard, and Freudenreich repressed a commencing
anthrax infection and cured it by introducing other micro-organ-
isms, such as the erysipelas coccus, the Micrococcus prodigiosus,
and the Bacillus pyocyaneus—facts which, as we have seen, confirm
us in the belief that the effects are produced chiefly by the excre-
tions of the bacteria.

By microscopic examination, by cultivation outside the animal
body, and by successful transmission from artificial cultures, we
know that the anthrax bacillus is the sole cause of anthrax disease.
How are the peculiar phenomena of the disease to be explained as
resulting from the properties and habits of the bacillus ?

It was stated that splenic fever is one of the most wide-spread
of allinfections. Infact, thereisscarcely any country where it is not
known, while some are particuiarly subject to it. In France and
Germany, Hungary and Russia, India and Persia it spreads its
ravages every year among the most valuable cattle, and the num-
ber of its victims amounts to thousands; in Siberia it is such a terri-
ble scourge that it has been taken for an evil peculiar to that
country and called the Siberian pest. Only England and North
America are comparatively free from it, and it only occurs there in
isolated cases.

There are generally certain smaller districts notorious for its
prevalence; such in Germany are the Upper Bavarian Alps, and in
France, Auvergne, where it is said to have existed thousands of
years, and whence, according to Pliny, it had spread, 300 years before
his own time, into Italy.

It is at its maximum in the hot summer months from June to
September; the coming of winter almost always causes a temporary
cessation of it. The special influence of dry or damp or otherwise
exceptional weather has not been actually observed.

Taken as a whole, the explanation of these facts is not difficult.
We are aware that the bacillus is capable of living saprophytically
and of finding suitable conditions of existence outside the bodies of
animals. Where it finds these conditions in the greatest perfec-
tion, the disease will naturally break out most frequently and be
most destructive. That this should generally occur in summer is
also natural, since at that season the surface of the soil is, for a
longer or shorter time, at about the temperature best suited for
the development of the bacteria.

Yet with all this the chief question remains unanswered: How
does the bacillus find its way into the body, how does the animal
become infected, and how does this plague spread among cattle?






214 TEXT-BOOK OF BACTERIOLOGY.

Now we are aware that the anthrax bacilli cannot pass beyond
the stomach of a healthy animal, being killed by the gastric juice,
and that only the spores are able to get as far as the intestines.
It will be asked: How do the animals get these spores, and how
are these facts to be reconciled with the peculiar epidemic nature
of the disease?

Long before the anthrax bacillus was known or even dreamed
of, people had noticed that the place where an animal had died of
anthrax, or where a victim of that disecase had been buried, re-
mained a dangerous pasture for sheep and cattle. Very often the
terrible scourge broke out again at such a place, and people learned
to avoid it without knowing exactly why.

‘When at length the bacillus was discovered, one endeavored to
explain these facts in connection with it, and a very plausible ex-
planation was soon found. In the buried victim, it was said, the
bacilli continued to develop and increase, and only required to reach
the surface in order to infect any animal that might be there. For
this somewhat difficult resurrection from the grave, ways and
means were quickly advanced. Either, as Pasteur maintained, the
earth-worms aided the micro-organisms, loading themselves deep
below with crumbs of earth containing bacilli, and delivering them
safe at the surface, or the underground water, that “deus ex ma-
china ” for all who search causes for diseases in the lap of mother
earth, somehow or other managed to convey the anthrax bacteria
to the surface, and the varied conditions of the soil as to warmth
and temperature had to appear as witnesses of the process.

For the latter assertion not a shadow of a proof could be ad-
duced, and the earth-worm theory was disproved experimentally
by Koch, who showed that the entire supposition to support which
these explanations have been conjured up was without foundation.

The preservation and distribution of the virus—i.e., the forma-
tion of spores—does not take place underground. The bacilli (the
sporeless rod-cells) soon perish at a depth of two or three metres
(as may be proved by direct experiment), because even during the
warm season the low temperature which prevails at that depth
does not allow of any growth, still less of any sporulation, for which,
as we know, a pretty high temperature, about 24° C., is requisite.

This temperature, however, is not attained at the depth of half
a metre in our climate, and another requisite, the {ree access to
oxygen, is also difticult, to say the least, at such a depth below the
surface.

Everything, indeed, leads us to the conviction that the devel-
opment of anthrax spores—i.e., of the only form of anthrax poison
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II. BACILLUS OF MALIGNANT (EDEMA.

The great majority of questions more or less connected with the
origin of anthrax could not be answered with certainty until recent
methods had rendered it possible to judge the properties of micro-
organisis with exactitude, and until anthrax disease could be dis-
tinguished fromn other affections which resemble it at first sight,
and which are caused by similar species of bacteria.

One of the latter has become more exactly known by the inves-
tigations of Koch; we refer to the bacilli of malignant cedema, as
he has called them, and which are prooably the same which Pasteur
discovered among his “septicémie” and described as “ vibrions
septiques.”

Malignant cedema has recently been observed also in human
subjects in connection with compound fractures of bones and deep
wounds, as also in subcutaneous injections. It produces an extensive
emphysema of the skin, putrefaction and cedematous softening of
the superficial muscles; in most cases death ensues in a few days.
For these cases we must suppose that the injured parts had in
some way come into contact with germs of malignant cedema—a
supposition all the more probable since these germs are very widely
diffused in nature.

At least we can easily produce the disease in susceptible animals
with the most varied material of infection. Various decomposing
matters, foul water, the dust from between the planks of flooring,
the blood of animals that have been sutfocated, and particularly the
upper layers of garden earth, all serve excellently for this purpose.

If we take a moderate quantity (as much as can be raised on
the point of a knife) of the latter material, and place it in a pouch
under the skin of a Guinea-pig's or rabbit’s abdonien, the animal
usually perishes within twenty-four or forty-eight hours, and on
examination cedema bacilli are found to be the cause of death.

These are slender, thin rod-cells, considerably narrower than the
anthrax bacteria, with rather sharply-pointed or rounded ends. In
cultivation, as in the bodies of animals, they tend to unite in long
threads which are often curiously bent in the form of a bow.

The cedema bacilli have lively motile power and are among
the rod-cells species in which R. PfeitTer has succeeded, by the aid
of Lofller’s staining process, in showing the existence of lateral
flagella. In the hanging drop, the faculty of locomotion generally
ceases after a short time, since this bacillus, as will presently be
seen, is killed by the oxygen of the air.

At a somewhat high temperature, above 20° C., sporulation
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It has already been stated that garden earth almost always
contains germs of the cedema bacillus, and that it is, therefore, a
very good material for infecting susceptible animals, such as
Guinea-pigs.

If we examine a Guinea-pig which has died two days after being
inoculated with garden earth, the following conditions will be
noticed: If the skin be incised and thrust aside the peculiar state
of the body becomes visible. The subcutaneous cellular tissue and
the superficial muscles for a considerable distance round the point
of infection are cedematous and saturated with a dirty-red fluid,
and alinost everywhere, especially in the axillee, a stinking, frothy
ichor has collected.

But what is seen here is not simply the result of cedema. In
garden earth there are always, in addition to the cedema bacilli,
numerous germs of other bacteria, some of them anaérobic, and of
which the Bacillus spinosus, for example, is already known to us.
These develop with the bacilli in the body of the animal, are often
recognizable under the microscope by their difference of shape or by
their want of spontaneous motion, and complicate the pathological
examination very considerably.

That such is the case may be proven by infecting a susceptible
animal (rabbit, Guinea-pig, or mouse) with a pure culture of the
cedema bacillus.

Here too a strong, bloody cedema of the subcutaneous tissue
and of the superficial muscles extends to a considerable distance
from and around the point of inoculation, and gives its name to the
entire affection. But the liquid which collects is no longer ichor-
ous, but consists of a reddish serum without odor and without very
marked development of gas.

The internal organs are but slightly altered. The spleen is
generally somewhat enlarged and dark-colored; the lungs are of
a peculiar grayish-red.

Cover-glass preparations from the cedema fluid, the heart blood,
and tissue juices display a very remarkable fact. While the first
show large numbers of rod-cells, the tissue juices of the larger
organs show but few, and the blood none at all. This experiment
is corroborated and complemented by the examination of sections
from the various organs. Whether we take the spleen, the liver,
the lungs, or the kidneys, in no case shall we find bacilli in the in-
terior of the tissue; in particular the blood-vessels, the chief seat of
alterations with anthrax, will be found perfectly free from them.
Only at the edge of the preparations—i.e.,on the surface of the
organs—large quantities of bacteria will be found in and immedi-
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III. RAUSCHBRAND BACILLUS.

The disease known by the French as charbon symptomatique,
by the Germans as rauschbrand, by us as black-leg, quarter-evil,
or symptomatic anthrax, has many points of similarity with an-
thrax or splenic fever. Like the latter it appears in the summer
months, disappears in the colder seasons, and attacks the herds,
especially the horned cattle; like anthrax it keeps chiefly to certain
clearly-defined districts—for exainple, the Bavarian Alps, parts of
the Grand Duchy of Baden, some portions of Schleswig-Holstein—
and within such black-leg districts there are again certain black-
leg localities. As the appearance and symptoms of the two dis-
eases are similar, it can surprise no one to hear that for a long time
anthrax and black-leg were regarded as one and the same thing
or were confounded with each other.

Feser and Bollinger were the first to show distinct differences
between them. In black-leg we have as a peculiar feature the ris-
ing of irregularly-shaped, strongly-emphysematous, and therefore
(when touched) crackling swellings of the skin and muscles, which
have their seat chiefly in the quarters. The striking black-leg dis-
coloration of the diseased muscles is also unknown in ordinary
anthrax, and lastly, in the serous bloody fluid of the diseased por-
tions a micro-organism of “ club-like” appearance is found which is
not identical with the anthrax bacillus. This is what Feser and
Bollinger report. Since then the subjoct has occupied much atten-
tion, and special efforts have been made to ascertain the qualities
of the supposed exciter of this malady. Arloing, Cornevin, and
Thomas have discovered a number of important facts regarding
the black-leg bacillus, and recently Kitasato has succeeded in
breeding it artificially, and by successful transmission of the malady
to susceptible animals has given an indubitable proof of its import-
ance. .

The black-leg bacillus is a rather large, slender rod-cell with
distinctly-rounded ends, which occurs singly as a rule, but occasion-
ally in twos, but never in long threads. It has a lively motile
power, which, however, it quickly loses in the hanging drop, be-
cause, like the cedema bacillus, it belongs to the strictly anaérobic
species, and soon perishes if placed within the reach of oxygen.

Its tendency to produce involution forms is worth noting. Cells
that have reached a somewhat advanced age, or which have grown
up under circumstances that for somne reason or other did not suit
them perfectly, nearly always take forms which differ widely from
the normal one, and might even raise the suspicion that one had to
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rounded by a dense tangle of ray-like threads. The latter some-
times penetrate to a considerable distance all round and give to the
wiole a thistle-like appearance.

Stab-cultures in deep gelatin show a growth first of all at the
bottom of the needle-hole. A stocking-like liquefaction forms with
opaque gray contents. It rises gradually higher, but stops short
two or three fingers’ breadth from the top. Soon a plentiful de-
velopment of gas begins, and now the culture advances upward till
at last only a thin layer of gelatin at the extreme top remains free.
‘While the cedema bacilli create a decided odor, one can here per-
ceive nothing but a peculiar sour smell which is a characteristic
of the black-leg bacillus.

In the agar cultures the bacillus thrives rapidly in the incuba-
tor; in twenty-four hours the food medium is filled with numberless
gas-bubbles, ruptured in many places, while the puncture develops
bacilli quite to its upper end.

In bouillon, too, the bacilli can exist. At first they render the
liquid opaque, but soon sink in white flakes to the bottom and col-
lect there as a thick sediment; at the edge or the surface numerous
gas-bubbles collect.

If portions of the artificial cultures are transmitted to suscepti-
ble animals, the latter perish of black-leg. For laboratory experi-
ments the Guinea-pig is the most suitable animal, since it regularly
yields to very small portions of the virus. If we inject a drop of a
good bouillon culture into the subcutaneous cellular tissue of a
Guinea-pig, or if we put a silk thread with black-leg spores into a
pouch in the skin of its abdomen, death will take place in twenty-
four or thirty-six hours, and the post-mortem state of the body will
show clearly the alterations peculiar to black-leg.

The subcutaneous connective tissue, as well as the surface of the
muscular system and its decper layers, are cedematous, saturated
with a very abundant bloody serous fluid. Above all, however, the
eye is struck by the dark red, frequently almost blackish, discolora-
tions of the muscles in the immediate neighborhood of the point of
infection and for some distance around it, while theinternal organs
offer nothing particular to notice. Examined under the microscope
in the hanging drop and in stained preparations numbers of rod-
cells are to be seen in the serum, some of which are mnotile and
possess a straight form, while others depart more or less from the
normal shape. A club-like swelling of one or both ends is particu-
larly common; sometimes one sees heart-shaped or clostridium-like
forms, ete. If but a short time has elapsed since death took place,
no spores are visible; after a few hours the first spores make their
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etc., the transmission takes place and the animals die of genuine
black-leg.

As may be remembered, we have already pretty fully considered
these matters and have attempted to account for them.

Artificial immunity from black-leg may be brought about with
extreme ease and in many different ways. First, it can be produced
in connection with attenuation. Kitasato rendered (GGuinea-pigs
non-susceptible with his bouillon cultures which had lost their viru-
lence; the bacteria bred at high temperatures produce the same
effect, and, as we have said, the inoculation of attenuated spores
works very successfully, It is the only method employed in real
practice, and, proceeding from Arloing and his collaborators, has
been perfected by Kitt. His process is as follows: Muscles of ani-
mals which have perished of black-leg are dried at 32° to 35° C.
and then dlvided into two parts. One part is kept for six hours
at a heat of 85° to 90° C., the other also for six hours, but at 100°
to 104° C. Thus one obtains a premier and a deuxiéme vaccin; the
powdered flesh is mixed with sterilized water or bouillon and in-
jected subcutaneously into the animals at suitable intervals. In
other cases—for instance, with cattle and sheep—the inoculation of
very small quantities of unaltered rod-cells suffices to produce a
local reaction which is also found to grant immunity. Further, the
inoculation of the virus into parts of the body—the tip of the tail, for
instance—where it finds no suitable point of attack, proves success-
ful, as does also an injection direct into the blood-vessels, which
are unconnected with the subcutaneous tissue, the proper bed of
development for these bacteria.

In the case of black-leg bacillus we see with special clearness
that it is the excretions which play the chief part in producing im-
munity. Roux and Chamberland found that filtered cultures were
successful in causing it, and even granted to the Guinea-pig not
only an immunity from black-leg, but also from malignant eedema
—a fact, however, which Kitasato denies on the ground of some ex-
periments of his own. The last-named investigator kept bouillon
cultures half an hour at 80° C, Kkilling thereby the sporeless bac-
teria, and produced immunity with this material.

As the protective inoculation against black-leg, if properly con-
ducted, is without danger and, at least as far as has yet been
observed, does not occasionally demand a victim (as in the case
with anthrax), and as, further, the immunity appears to be endur-
ing and reliable, the inoculation of cattle is unconditionally recom-
mended for actual practice, even by cautious practitioners.

By microscopic examination, by breeding outside the animal
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between the tubercle bacilli and other kinds of bacteria. The rela-
tive, gradual, or quantitative differences are, on the other hand,
great enough, at any rate, to impart to the specific staining of the
tubercle bacilli the value of a chemical reaction which enables us to
discriminate substances that can be separated only with difficulty.

The tubercle bacilli may likewise be prepared according to
Gram’s method. The protoplasmic contents of the rod-cells are
frequently contracted into small globules under the influence of
iodine; they lie one behind the other in a row, like a chain of coceci;
inexperienced investigators having, in fact, pronounced them as
such.

Gram’s method will, however, be used only in exceptional cases,
since by its application we lose the important advantage of being
able to recognize the tubercle bacilli as such even by their reaction
to staining alone.

The question as to how specific staining is brought about and
what are the delicate processes which distinguish this variety of
bacteria cannot as yet be answered with certainty. But it is at
any rate very probable (as stated above) that this is (according to
Ehrlich’s opinion) to be attributed to the existence of a particular
covering surrounding the rods and offering a strong resistance to
pigments. It is said to become more permeable under the influence
of various additions to the solution, of alkalies, phenol, and anilin;
but the acids (decoloring everything else) are unable to penetrate the
skin later on; hence the coloring matter once absorbed by the rod-
cell is surely and permanently retained in it. 'We may in this case,
therefore, on the whole have to deal with the same conditions we
have already become acquainted with in the double staining of the
spores.

By the aid of special staining and microscopic investigation,
Koch has been enabled to establish the regular occurrence of bacilli
in all cases of tuberculosis,and only in this disease, and thus render
their specific significance very probable. In order to prove and
place it beyond doubt he undertook to cultivate the micro-organ-
isms artificially with the view to transmission.

Many attempts to accomplish this in the ordinary manner had
failed, and Koch became convinced that the tubercle bacillus re-
quired unusual conditions before it could be successfully cultivated.

‘We have seen that in this case we have to deal with a strictly-
parasitic bacterium, dependent for its development upon the ani-
mal body and highly sensitive to changes in its surroundings.
Koch thus found that our ordinary food media, the meat-peptone-
gelatin and agar, and the bouillon did not suffice, and that only the
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two weeks longer in the incubator, the culture is brought to the
height of development. It appears then as a thick, crusty skin of
grayish-white color, dry and lustreless, extremely brittle, joined
together by numerous little scales, flakes, and nodules. A large
quantity of condensation-water always gathers at the dependent
parts of test-tubes, and the tubercle bacilli cover this water as a
film consisting of single lamellee without even projecting into the
depth of the fluid and without dimming or altering the latter in
any manner.

It is a matter of course that by careful transmission upon fresh
media artificial cultivation may easily be continued and kept up.
‘We now have a flourishing glycerin-agar culture of tubercle bacilli,
which has descended in uninterrupted succession as the one hundred
and seventh generation from the first Koch’s blood-serum prepara-
tion. And with this stately number of ancestors they have pre-
served almost unchanged all the qualities of their progenitors: they
are just as fit for infection as those and assume specific staining
exactly in the manner above stated.

Such a success can, it is true, be obtained only by using special
precaution. Attention is, therefore, called to a few little manipula-
tions and measures applied with advantage in transmissions.

The inoculating matter must be firmly rubbed and pressed in.
A shank of very strong platinum wire may be used, but should be
thoroughly sterilized in the flame every time before using.

Having left the tube thus prepared to itself in the incubator, it
will soon be seen (unless an unusually well-working thermostat is
employed) that an evaporation of the condensation water, a dry-
ing up of the culture medium, is taking place, causing a stunted de-
velopment of the culture. Attempts to prevent this may be made
by drawing small and tightly-fitting rubber caps over the cotton

"plugs; but while doing so we incur another danger. A kind of
moist chamber is formed under the rubber cover; the spores of
moulds attached to the plug almost always begin to germinate and
shoot mycelium threads through the fibres of the cotton; on the
surface of the glycerin-agar, where the tubercle bacilli should ap-
pear, there will shortly be seen a layer of moulds.

‘We must, therefore, free the cotton from these undesirable in-
mates; this is best done by clipping the plug in the test-tube with
scissors after inoculation and by burning the surface in the flame
until it is carbonized and turns black. Now carefully drop on the
top of the plug one or two drops of a 1:1,000 sublimate solution, and
finally draw over it the rubber cap which had previously been
lying in sublimate. '

L]
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The tube may now be returned to the incubator. In fourteen
days afterward the beginning of development is perceptible; it has
reached its height after four to five weeks, and the cultures may
now be removed from the incubator and preserved at the usual
room temperature. Inoculation on fresh culture media is done
about every six weeks, thus securing transplantation of cultures
capable of living.

Bacilli prosper likewise in a bouillon containing 3 to 5% of gly-
cerin. Pawlowsky finally pretends to have cultivated them even
on potato slices prepared according to Globig’s or Roux’s method,
and protected against exsiccation by a subsequent hermetical seal-
ing of the test-tube. This procedure has as yet, however, not been
confirmed.*

Koch succeeded, by the use of his artificial cultures in all cases, in
a very large series of experiments, in reproducing in susceptible ani-
mals typical tuberculosis with all its clinical and anatomical symp-
toms, and thus furnishing the valid proof of having found in the
bacillus the genuine sole exciter of the disease. His transmission
was successful in 217 animals, mostly rabbits, Guinea-pigs, and fleld-
mice. A small quantity of culture was removed by the platinum
needle from the surface of the culture mediuin, and rubbed to a thin
fluid by sterilized water or bouillon. Small quantities of the latter
introduced into the body proved invariably successful.

Koch had caused the poisonous matter to be absorbed by sub-
cutaneous application, by inoculation into the interior chamber of
the eye, by injection into the large cavities of the body or into a
vein, and, finally, by inhalation, and he has evoked the outbreak of
tuberculosis in every way.

Other investigators after him have proved that by our food, too,
containing tuberculous material, the disease can be artificially pro-
duced, and it is no longer to be doubted that the bacilli are capable
of entering the body in all possible ways.

The changes occurring within the organism in connection with
tubercular infection may be generally characterized as follows:

The disease develops in the first place in the immediate neigh-
borhood of the spot where the bacilli found entrance, the affection
being in the beginning merely local. Only later—with Guinea-pigs,
for instance, after several weeks—a more general infection takes
place gradually from spot to spot. Only when the poison from

*The editor has seen some very flourishing pure cultures of tubercle-
bacilli grown on potatoes after this method in the Loomis laboratory. They
were prepared by Dr. J. M. Byron of this city. He has also employed this
method successfully hiself. J.H. L.
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but we will see at the same time a series of histologically striking
changes in the tissue, long regarded as characteristic of tubercu-
losis. This affection produced, in the first place, a new growth,
appearing mostly in the form of those small, grayish-white, trans-
parent tubercles from which the disease derives its name and
which were called by Cohnheim “infection tumors” according to
their origin and kind. The tubercle is composed of an accumula-
tion of round cells similar to lymph-corpuscles; besides, there are
more or less numerous, somewhat larger, so-called epithelioid cells
and also some giant cells lying in the middle or near the edge. The
bacilli are especially abundant in these latter (but are also found
outside of them), and there can be no doubt that the entire forma-
tion is caused by the action of the bacteria.

‘We do not yet positively know how this is produced. While it
had formerly been supposed that emigrated white blood-corpuscles
had exclusively formed the tubercle and had then united with epi-
thelioid and giant cells, Baumgarten has assigned an important
function to the cells of connective tissue and of epithelial origin.
The bacilli coming in contact with these cells excite an irritation,
which results in a proliferation of the cells to the extent of a division
of the nuclei. But this irritation is not sufficient to cause the for-
mation of an entire new cell. Hence there remains only the former
division, and a giant cell is, according to Baumgarten, not formed
by the union of several epithelioid cells, but by a simple germ divi-
sion. The “epithelioid-cell tubercle” is developed, after which,
under the influence of continued irritation, migration of white blood-
corpuscles from the vessels takes place, changing the epithelioid
into a lymphoid-cell tubercle.

The series of changes is not yet completed. A process takes
place in the interior of the giant cells, an accurate description of
which we owe to Weigert. Here the bacilli present produce a de-
generation or coagulation necrosis, especially in the middle of the
tubercle. The result is a uniformly dull, non-nucleated mass which
the anilin colors do not stain. This mass consists of degenerated,
practically necrotic cells, and very soon the bacilli disappear from
it. But frequently we find in the same giant cell, the interior of
which has undergone a retrograde change, a plentiful nuclear
division resulting in the progressive development of tissue resem-
bling granulation tissue in which are found large numbers of
tubercle bacilli.

Thus we have here in both of those processes which are charac-
teristic of the tubercular process, neoplasm (production of tissue
on one hand) and retrogressive metamorphosis (destruction of tis-
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detached from the surface of their place of colonization by strong
currents of air, have been shown to be erroneous, the last-mentioned
supposition especially having been disproved by Naegeli’s investi-
gations.

It may be stated from the start, therefore, that only such bac-
teria can enter the body by way of the air or by respiration as do
not succumb to desiccation.

We have already seen that the transmission of spores (for in-
stance, with the anthrax bacillus) by respiration is not surely estab-
lished, but that the bacteria nevertheless possess a very considera-
ble resistance to the influence of desiccation. It may be that this
power must be credited to special forms or that the rods are in
themselves such resisting structures; but it is sufficient that the
fact itself is established beyond doubt, thus furnishing the first
condition for the infection presumed to take place.

‘Where is an opportunity offered to man to inhale dried bacilli?
This question is easily answered. If it be remembered that the
very expectoration of tubercular persons usually furnishes the
richest supply of rods, and if it be borne in mind how carelessly
and heedlessly this dangerous matter is almost everywhere treated,
how it is strewn and scattered about, it will be found a source of
infection flowing, unfortunately, so copiously that other sources
necd hardly be looked for.

Cornet’s beautiful and significant investigations have proved
that we are not dealing with a possibility, but with a fact founded
on actual conditions. Cornet ascertained that the tubercle bacilli
are by no means scattered all about us without choice or difference
(as was formerly supposed); that they are not ubiquitous; but that
they are only met with in definite, narrowly-circumscribed regions,
the centre of which is regularly a tuberculous and phthisical person.

Cornet examined the dry, powdery dust usually settling on the
floor and in the recesses of our dwellings. A small quantity of it
was injected into the peritoneal cavity of Guinea-pigs, which are so
highly susceptible to tuberculosis. If the matter came from places
where consumptives had been dwelling the animals succumbed,
after the lapse of a few weeks, almost without exception to a pro-
nounced tuberculosis. Tuberculosis was mostly conflned to the
large organs of the abdominal cavity, and as a rule the way in
which the spread of the infectious matter had taken place could be
established. Local changes had first (as always) occurred in the
immediate region of the spot where inoculation had been made.
The neighboring lymphatic glands were swollen and had in part
already become cascous; the poison had afterward, by slowly creep-
ing on, conquered the territory step by step. In very pronounced
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latency of tubercular germs lately received, prove the view repre-
sented by Baumgarten to be entirely untenable. If we may state
our view of these things in brief, we declare that tuberculosis is an
infectious disease, caused by a specific bacillus and transmitted to
man mostly through inhalation of dried sputum of the lungs of
phthisical persons.

IV. LEPRA BACILLUS.

Leprosy is a disease possessing several points of resemblance
to tuberculosis, though in every case distinguished from it by
very important and uninistakable indications. In Germany it is as
good as extinct, and is only rarely seen now and again in the hos-
pitals as an exotic rarity, yet it has persisted in certain districts
even in Europe, and is still prevalent in Southern Spain and on the
coast of Norway.

In consequence of the peculiarities of its development and occur-
rence it has always attracted the attention of the learned, and has
provoked great differences of opinion as to its nature and its causes.
In the yecar 1880 Armauer Hansen, a physician at Bergen, pro-
claimed as the result of many yeurs’ mvestigation that he had
succeeded in many cases of leprosy in recognizing the presence of
bacteria. These, he said, were to be found éhiefly in the nodules
characteristic of the disease, and usually possessed the shape of
rod-cells. Hansen’s statements were corroborated by Neisser, and
the lepra bacilli have since become generally recognized.

They are slender, moderately-large rod-cells, with sharp ends
almost identical with the tubercle bacilli in appearance; perhaps a
little shorter. The lepra bacilli, like the tubercle bacilli, have no
voluntary movement. Whether the oval or round spots which in
stained bacilli appear as light uncolored portions in the nterior of
the cells are to be regarded as spores or not cannot as yet be
decided, and there are no facts known which would point to the
necessary existence of enduring forms.

As to the staining of the bacilli, we already know that they are
the only species of bacterin as yet known to which the special
procedure employved for tubercle bacilli is also applicable. Yet the
staining of the lepra bacilli is performed with much more ease and
rap‘dity, and Ziehl’s solution penetrates without difficulty into the
bacterial protoplasm. Gram’s method is also recommended, as it
" brings out the cells beautifully and is specially adapted for accurate
investigations.

The lepra bacilli and the tubercle bacilli are at once distinguish-
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able rom each other by their behavior when treated with the ordi-
nary aqueous anilin solutions. The former are as sensitive to them
as are the majority of all micro-organisms. With fuchsin or
methyl-violet in particular it is easy to obtain good preparations.

‘When we speak of the rod-cells regularly observed in leprosy as
“lepra bacilli,” we are raising to a certainty that which in point of
fact is only a very high degree of probability. It is true that these
bacilli are found in all cases of leprosy, and generally, too, in very
great numbers, and also that they are found only in cases of lep-
rosy. If we then take into account the similar symptoms and
other conditions peculiar to tuberculosis, one is perhaps justified in
concluding that here, too, the bacilli are the cause of the affection.
But this opinion cannot be proven.

For there is as yet no well-established case in which it has
proved feasible to cultivate the bacilli outside the body, and still
less to reproduce the disease by the aid of such cultures.

Some recently-published facts would seem Lo contradict this
assertion, and an Italian investigator, Bordoni Uffreduzzi, has re-
ported some experiments which certainly deserve attention. He
succeeded in obtaining from the marrow of the bones of a man who
had died of leprosy a rod bacterium which at incubator tempera-
ture grew slowly on hardened blood-serum with the addition of pep-
tone and glycerin, and which he proclaimed to be the lepra bacillus.
It stained in the specific manner—i.e., it was susceptible to the
ordinary staining matters—but when treated with anilin-fuchsin did
not lose its color again under the influence of acids, thus completely
fulfilling in this respect the conditions which we should expect to
find in the real lepra bacillus.

The micro-organism grew, as already mentioned, but slowly on
the artificial culture medium, and it was not till after several days
had elapsed that a commencement of development was visible in
the incubator. The colonies appeared as little round plates, of
whitish-gray golor, with thickened centre and irregular, jagged
edges. The stab-culture showed wax-like, slightly-yellow coating,
which did not liquefy the serum. '

Attempts at transmission to animals, which were made in the
most varied manner, all remained unsuccessful. Bordoni explains
this by the supposition that the bacillus outside the body very
quickly becomes a prey to natural attenuation; that in exchanging
its parasitic for a saprophytic mode of life it loses all its virulence.

Several circumstances, indeed, would seem to favor the correct-
ness of this view. Though the bacillus at first developed only at
incubator temperature, on a food medium specially and carefully



248 TEXT-BOOK OF BACTERIOLOGY.

prepared for it, and then with but very little energy of growth, yet
soon a diminution of these peculiarities was observable, and after
a few generations a luxurious growth took place on ordinary gela-
tin and at ordinary room temperatures.

All these facts show it to be quite possible that it may have
been the genuine lepra bacillus. But, on the other hand, some serious
objections cannot be suppressed. The marked difference between
a cover-glass preparation of Bordoni’s bacillus and one of lepra
bacilli obtained directly from a genuine case of leprosy is at once
apparent. In the large, thick, swollen rod-cells of Bordoni’s bacil-
lus we will scarcely find a trace of resemblance with the slender,
elegant forms of the other. Of course the thought naturally arises
that the artificial medium has produced only involution forms, and
that this may explain the suspicious appearances. But when we
weigh against this the fact that all the endeavors of very numer-
ous and experienced investigators, armed with all the means and
appliances of modern science, have hitherto failed in arriving at
the same results with Bordoni, it can but seem fair to suspend
judgment and not to regard the artificial cultivation of the lepra
bacillus as a definitely-solved problem.

On the other hand, the reproduction of the disease with all its
peculiarities, together with the occurrence of the bacilli, has in
many cases been accomplished with undoubted success by inocula-
tion with portions of the diseased tissue.

Arning has experimented on the human subject. He had for
several years made leprosy his special study on the Sandwich
Islands (one of the chief seats of the disease), and there he found an
opportunity to make the experiment on a criminal who had been
condemned to death. The man in question was not from a leprous
family and was in good health. He was inoculated with portions
of freshly-taken lepra tubercles by means of subcutaneous applica-
tion, and further development was then watched. After some
months typical leprous changes were visible near the point of inoc-
ulation on the upper arm. These spread gradually, and in the
course of five years he died of undoubted general leprosy.

With animals, too, investigators at Koénigsberg, Melcher and
Ortmann, obtained positive results. They transferred lepra tuber-
cles immediately after excision from a human subject into the an-
terior chamber of rabbits’ eyes, and found that the animal died
after some months. On dissection, an extensive leprosy of the en-
tire viscera was found; the ceecum in particular, but also the lymph
glands, the spleen, and the lungs were full of tubercles varying in
size from a pin’s head to a millet seed, in which the lepra bacilli






250 TEXT-BOOK OF BACTERIOLOGY.

alcohol, and if he further clarified not with oil of cedar or cloves,
but with xylol, he saw, as he maintained, that the agglomerations
of bacteria which had always been taken for lepra cells were in
fact no cells at all, but only & deception caused by the wrong treat-
ment of the object, and that the supposed cells were only free, ball-
shaped assemblages of rod-cells in enlarged cavities of the lymphatic
vessels.

We know, however, that just complaints are made against the
drying system on account of its destroying the transparency of the
tissue, and it has been suggested that Unna’s lymph passages are
nothing but artificial productions. In fact, the greatest authori-
ties on the lepra question, Neisser, Touton, Arning, etc., all persist
in the opinion that the chief mass of the rod-cells lies within the
lepra cells, while a certain portion of them is also to be found dis-
tributed in the tissue.

V. SYPHILIS BACILLUS.

If important factors are wanting in lepra to positively prove
bacilli the cause of the disease, this is still mmore the case in another
disease which somewhat resembles tuberculosis and lepra, namely,
syphilis.

As cverybody is aware and as experience abundantly shows,
syphilis is a very infectious and easily-transmissible disease. But
we know hardly anything about the sources of its infectious nature
and the causes of its peculiar phenomena. Although we might be
inclined to suspect a bacterium as the bearer of its virus, yet our
knowledge is not yet sufficient to enable us to prove the correctness
of such a supposition.

The first approach to a satisfactory explanation is perhaps to
be found in the observations published by Lustgarten a few years
since. He announced that he had succeeded, by means of a special
staining process, in finding a particular species of bacillus in syph-
ilitic lesions and the secretion of syphilitic sores, the occurrence of
which was restricted to these places named, and which was, there-
fore, peculiar to syphilis.

The thinnest possible sections must be treated as follows ac-
cording to Lustgarten: First they are to be stained for twelve
to twenty-four hours at ordinary room temperature with anilin-
gentian-violet, and then the process is continued for about two
hours at 40° C. in the incubator; next they are washed for several
minutes in absolute alcohol, and placed in a 144 aqueous solution of
permanganate of potash for about ten seconds, and at last well
rinsed in distilled water.
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In staining, the glanders bacillus appears to belong to that class
of micro-organisms already mentioned which absorb the coloring
matter quickly, but readily lose it again when we decolor. Many
plans have been tried to overcome this difficulty, so that for stain-
ing this species a long list of instructions might be formed.

For cover-glass preparations Loffler recomnmends his anilin-
gentian-violet or anilin-fuchsin, allowing the hot liquid to act for
about five minutes. Then the decoloration is effected in 14 solution
of acetic acid, to which the yellow color of Rhenish wine has been
given by adding tropazeolin in aqueous solution. In this the prepara-
tions remain one hour and are then rinsed in distilled water.

The same result may be more readily obtained by flrst treating
the cover-glasses with warm carbol-fuchsin or Kiihne’s carbol-
methyl-blue, and then only with distilled or slightly-acidulated
water—ten drops of hydrochloric acid to 500 of water.

The double staining of the glanders bacilli has not yet proved
possible, and neither the process adapted to the tubercle bacilli
nor Gram'’s method is applicable.

As the glanders bacilli only thrive at high temperatures, they
cannot be cultivated on gelatin. On plates of ordinary agar, or
agar with an addition of 4% glycerin, and kept at about 37° C., the
colonies are found abundantly developed on the second day, appear-
ing as light-yellow or whitish transparent, roundish accumulations.
The microscope shows brownish-yellow, dense,somewhat granulated
masses, with edges comparatively smooth and sharp..

In the test-tube on oblique agar, or, better still, on glycerin agar,
a clearly-defined whitish, translucent, moist shining coat forms in
four or five days along the inoculation scratch at incubator heat.
On blood-serum, generally in the same length of time, spots appear
here and there, which are roundish, perfectly transparent, more or
less vellow, and drop-like, and do not liquefy the medium. After-
ward they coalesce into one even, tough, slimy covering.

The growth of the glanders bacilli on potatoes is very charac-
teristic and in many respects worthy of note. Shortly after the
inoculation on slices prepared after Globig’s method and kept.at
incubator heat, an amber-yellow, curiously-transparent covering
appears, which looks almost like a thin layer of honey, but which
increases rapidly in-thickness and at the same time assumes a
darker tint. At the end of a week the culture is reddish-brown or
fox-red, and presents such a peculiar appearance as almost to pre-
vent the possibility of its being confounded with any other species.

From the agar, blood-serum, and also from the potato success-
ful transmissions can be made without difficulty, and a small trace
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ble. Two or three days after the inoculation the breathing is ac-
celerated, the animals sit still in a corner of their cage with their
eyelids glued together, and all at once, without previous warning,
fall on one side, dead.

Dissection shows the most extensive tissue changes, chiefly in
the spleen in Guinea-pigs, in field-mice also in the liver and occa-
sionally in the lungs. The chief point brought out by the dissec-
tion is (as also in the case of tuberculosis and other allied diseases)
the presence of tubercle-shaped neoplasms, which in glanders have
a decided tendency to degenerate—to soften. Macroscopically re-
garded they strongly resemble genuine tubercles, and appear as
grayish-white grains somewhat smaller than a millet-seed and ris-
ing slightly above the surface. In the field-mouse the short dura-
tion of the disease only allows the nodules to reach a limited size,
and in the liver, for example, one often sees quite small, extremely
numerous gray dots, hardly recognizable with the naked eye.

Under the microscope these nodules are seen to consist of dense
accumulations of round cells, which also surround isolated masses
of greater size and epithelioid in character. From the centre an
advancing degeneration of the new formation is seen as in the
genuine tubercles. The cells degenerate into an evenly-opaque
mass without nuclei; complete dissolution of the tissue afterward
takes place, which results in purulent matter.

In the nodules chiefly, but also in other places, we will find the
bacilli which are to be regarded as the cause of the changes that
have occurred. The finding of rod-cells in the sections is attended
with peculiar difficulties. Here, still more than in cover-glass prep-
arations, the bleaching which the glanders bacilli are apt to un-
dergo instead of the desired diminution of color is a troublesome
peculiarity, and the demonstration of glanders bacilli in tissue has
become a sort of test of the efficacy of the different methods of
staining. )

Loffler formerly recommended a special method of decoloration :
after long exposure to alkaline-methyl-blue, the preparations were
to be put into a mixture of sulphurous acid and oxalic acid com-
posed as follows:

Distilled water, . . . . . . 10 c.cm.
Concentr. sulphurous acid, . . . . 2drops.
Five-per-cent oxalic acid, . . . . 1drop.

The process was therefore as follows: ’

1. Loffler’s methyl-blue, . . . about § minutes.
2. Oxalic and sulphurous acid. “ T  andg
3. Absolute alcohol, etc.
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obtain perfect preparations. The micro-organisms are decolored
by Gramn’s method.

Upon the gelatin plate, after the usual time, small white dots
deep in the gelatin can be seen with the naked eye. These grad-
ually advance to the surface and then cause a rather slow liquefac-
tion of the gelatin. Funnel-shaped depressions are formed in the
transparent medium, increasing in depth rather than in circumfer-
ence, in the bottom of which the colony proper lies as a whitish
mass scarcely the size of a pin’s head. The plate usually has on
the second or third day a quite peculiar appearance; it seems per-
forated with many small holes or air-bubbles. Liquefaction pro-
gresses only later; on the fifth or sixth day the third dilution, too,
usually has become completely diffluent.

Under the microscope the colonies present an aspect peculiar
to the cholera bacteria. The smaller ones deep in the gelatin have
an irregular, receding, and occasionally rough or uneven margin;
they are never circular, or at least sharply circumscribed, in the
beginning of development, like the colonies of most other bacteria.
They are of a bright white or pale yellow color, and in their texture
exhibit a remarkably uneven granulation. This will become more
manifest as they grow larger. The granulation becomes more and
more pronounced; the contents assume a peculiar lustre and glit-
ter; the color looks as if composed of little pieces of glass or crystal
grains. Incipient liquefaction is seen under the microscope by the
formation of a bright halo around the colony. A pale seam pro-
ceeds at a moderate distance from its margin corresponding to the
outer limit of the funnel-shaped depression, liquefying the gelatin
by the growth of the bacteria. At the same time we see in the
colony a roseate light, a reddish hue,to be found in no other kind
of bacterial growth.

Development proceeds in the test-tube cultures as follows: A
growth occurs along the entire line of inoculation, but liquefaction
takes place more extensively only at the surface of the gelatin. A
funnel is formed similar to but very much larger than on the
plate; a deep depression is formed, appearing in the partly-softened
gelatin like an air-bubble, owing, presumably, to the very rapid
evaporation of the fluid produced. At this time the principal mass
of the culture accumulates close beneath the air-bubble, the central
portions of the inoculating puncture appearing as an almost empty,
shining thread in the gelatin, like a capillary tube blown out at the
end; the bacteria which had been developing have descended into
the lower third of the puncture, where they settle as yellowish-
white masses loosely curled.
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blood heat, a multifariously-folded, wrinkled, closely-connected
skin almost characteristic of the culture of comma bacilli. The
mass of the fluid is only very slightly dimmed; only by shaking
the glasses there arise from the bottom a few heaps of baeteria,
which are then equally distributed throughout the fluid.

It is worthy of notice that the cholera bacteria show a particu-
larly strong growth in a strongly-diluted bouillon, for instance, if
mixed with 6 to 10 parts of water. According to Weibel’s exami-
nations (mentioned in discussing the Spirillum rubrum), we have to
deal in this special case with a quality commmon to almost all vibri-
ones and spirilli, which has been used even for diagnostic purposes.

The cholera bacteria may also thrive and multiply in sterilized
milk without perceptibly changing the fluid—a fact to be consid-
ered in connection with their transmission to man. In non-sterilized
milk they live for only a short period, as Kitasato has shown;
acidification soon appearing destroys the cholera bacilli in a rela-
tively short timne, but so much time usually elapses that milk in
most cases would be used before this occurs, and therefore cholera
bacteria having entered the fluid would be received alive.

The thorough examinations by Wolffhiigel and Riedel have
finally established the important fact that the comma bacilli sus-
tain themselves in sterilized water, no matter whether it is obtained
froin river, well, or aqueduct. The increase begins some time after
the sowing and reaches its highest point on about the seventh day,
but the vibriones may be shown in a state capable of development
and in considerable number even after months. This state of things
is different, indeed, in non-sterilized water, the cholera bacteria
being here almost fully dislodged by existing micro-organisims in a
few days.

An observation of Koch shows that the artificial conditions of
this experiment do not always correspond to the natural state of
things. He succeeded in finding comma bacilli in an Indian tank
—i.e., in the greatly-polluted water of one of those marshy reser-
voirs into which the Hindoos empty their natural offal of any kind
and from which they also take their water for drinking and other
uses without any hesitation. This significant fact proves that the
comma bacilli also thrive in nature outside of the human body, and
are able to lead, for a shorter or longer period, a saprophytic mode
of life, and are not characterized as genuine parasites, like the
tubercle bacilli.

That the cholera bacteria, while they are growing, change those
media on which they develop, is shown by the fact that the gelatin
is regularly liquefied under their influence. Brieger has been able
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In speaking of the general qualities of the bacteria we have
become acquainted with a number of species differing in some
respects, but obviously nearly related and belonging to certain
sharply-defined and well-characterized natural groups.

The best proof of this fact is afforded in the following three
micro-organisms, resembling more or less closely the cholera vibrio,
sharing with it a series of peculiarities and evincing, in many
points, a striking similarity with it, although the differences exist-
ing are easily recognized.

VIII. FINKLER-PRIOR'S VIBRIO.

The first of these varieties of the vibrio was observed in the dis-
charges of patients having cholera morbus. This vibrio was origi-
nally considered by its discoverers to be identical with the genuine
comma bacillus. This opinion would, of course, have deprived that
vibrio of-every significance. But it was soon ascertained that the
statements of those investigators were not well founded, and the
many points of difference between the two micro-organisms can
easily be made apparent.

Finkler’s and the cholera bacteria greatly resemble each other
in the shape of the individual germs. But Finkler’s vibrio is, as a
rule, somewhat larger, thicker, and coarser than Koch’s. It de-
velops more rarely into spirilla which scarcely ever become as long
as those of the cholera bacteria. It increases in hanging drops, at
ordinary temperature, to dense swarms; it resists the influence of
oxygen like the genuine comma bacillus.

On the plate Finkler’s bacteriumm is distinguished from the
cholera vibrio by an extraordinary growth coincident with an ex-
tensive liquefaction of the gelatin. The usual three dilutions do not
even suffice, and only on the fourth or fifth plate will well-isolated
colonies develop.

‘When observing them with a diffuse light and the naked eye,
they appear first as small white dots in the depth of the gelatin.
They rapidly push forward to the surface, the dissolution of the
gelatin begins, and there arise circular depressions, proceeding
toward the middle,in the shape of saucers. On the second day they
appear at least as large as lentils, their contents consisting of a
turbid fluid of gray translucency. The border is sharply defined from
the solid part of the medium, but there are no other peculiarities.

Under the microscope these colonies appear as yellowish-brown
dense masses, possessing a very fine but entirely uniform granula-
tion. Even with low magnifying power an active movement, an
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may be changed into vaccines by keeping them in the steam steril-
izer for about half an hour at 100° C., thus destroying the existing
germs.

Cultures treated in this manner show, according to their age, a
very different degree of virulence. Those of about twenty days in
quantities of 2 to 3 c.cm. kill Guinea-pigs after injection into the
subcutaneous cellular tissue or the abdominal cavity, while those
of about five days are still borne in doses of 5 c.cm. In the former
case (as in the inoculation of living bacteria) a rapid fall of the body
temperature, far below the normal limit, is perceptible; death takes
place after twenty-four to forty-eight hours; dissection exhibits es-
pecially a somewhat slow pathological process and a very consid-
erable fatty degeneration of the liver. In the latter case a fall of
temperature after a few hours occurs at first, but it rises very soon
to a feverish reaction. This lasts about a day, after which time the
animals will soon recover, and have then acquired immunity. This
does not, indeed, directly follow inoculation. As a rule one or two
weeks will elapse before complete success is attained—i.e., before
the virulent material (for instance, the vibrionic blood of a pigeon
perishing after infection with virulent bacteria) is taken in doses of
1 to 2 c.cm. without causing the death of the animals. Arise of the
body temperature, lasting several days, and local changes (such as
the appearance of a tolerably extensive cedema at the inoculation
spot) indicate that the artificially-immunized body feels at least
the invasion of the bacteria.

The nature and composition of the really eficient substance are,
as yet, not exactly known. It is striking that the toxic cultures
possess a very high degree of alkalescence and lose their virulence,
and hence their vaccinating power (as Pfeiffer states), by neutrali-
zation with sulphuric acid, but not by treatment with muriatic acid.

The experiments concerning the production of artificial immu-
nity with the vibrio Metschnikofl are especially interesting because
the discoverer of this micro-organism, Gamaleia, is inclined to trans-
fer the observations and experiences he made, in an almost com-
pletely unchanged form, to Koch’s vibrio of cholera asiatica: he
pretends to have reached similar results especially as regards pro-
tective inoculation.

B-Y repeated passages through the pigeon’s body the comma
bacilli are thus said to assume an extremely high degree of viru-
lence; injection.of sterjilized cultures is said to render the animals
secure even agalpst”tpls rlflost infectious matter; and thus a « pre-
;,:i:,t:i‘:::, .’l,nogrlillgtmn tls saufi to havg been .found “against cholera

granting of immunity against cholera bacteria is
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On the gelatin plate the bacillus assumes a characteristic ap-
pearance in a short time. The colonies appear to the naked eye
first as small white dots in the depth of the gelatin. But they
soon advance to the surface and spread there as thin yellowish-
white aggregations, shining like mother-of-pearl, being irregularly
lobulated, without ever liquefying the gelatin.

When examined under the microscope, the smaller, deeper col-
onies present peculiar, whetstone-shaped structures of a dark
brown color and usually characterized by a concentric stratifica-
tion of their contents. The large, superficial colonies, however,
appear as thin membranes of a faint yellowish color in the middle,
but fading toward the margin, which recede unevenly or are ser-
rated, and always allow a kind of mesh of lines to shine through
as a regular, neat leaf-like design.

A strong tendency to superficial growth is perceived in punc-
ture culture. Although a rather quick development takes place
along the whole extent of the inoculating puncture to its extreme
end, the culture thrives by far most luxuriantly on the free surface:
of the gelatin. A dry membrane, of a grayish-white lustre with
lobulated edges frequently breaking apart into single pieces, forms
on this surface. Although a liquefaction of the gelatin does not oc-
cur, we can (most distinctly on oblique gelatin, but also in puncture
culture, and even on somewhat older plates) observe a milky tur-
bidity of the transparent medium in the vicinity of the bacterial
growth, frequently accompanied by a formation of rosette-shaped
salt crystals. Both circumstances are connected with a change in
the reaction of the gelatin. The Neapolitan bacillus possesses the
ability of neutralizing the existing alkalinity of the gelatin, produc-
ing an acid reaction. This can be demonstrated by adding litmus
tincture to the gelatin before its inoculation. The blue color will
soon disappear and a more or less reddish tint will take its place.

Emmerich’s bacillus grows on agar-agar as a whitish, moist
covering without peculiarities.

It forms on the surface of the potato a yellowish-brown smeary
film of quite characteristic appearance.

Emmerich succeeded, as stated above, in demonstrating patho-
genic properties in his bacillus and in producing in Guinea-pigs
symptoms said to agree wholly with the picture of genuine cholera.

Weisser has subjected Emmerich’s statements to a careful and
comprehensive examination, and reached results strikingly contra-
dicting Emmerich’s assertions. He could not at all regularly cause
the death of animals by the Neapolitan bacillus, as Emmerich did.
He used, like the latter, various modes of infection, by inoculating
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different, were confounded down to the middle of the present cen-
tury, and it was long before typhus recurrens was recognized as a
special affection. Only when this preliminary question was dis-
posed of, and it was possible to distinguish the “simple’’ typhus
from a disease having similar symptoms, was a firmer foundation
gained for investigating the causes of the disease. The infectious
character became more and more evident, and efforts were made
to discover its relations to deflnite micro-organisms.

Observations regarding the occurrence of bacteria in cases of
typhus abdominalis were variously made without their leading to
safe conclusions. Eberth stated, in 1880, that during investigations
on the spleen and lymphatic glands, he had succeeded in demon-
strating a special kind of rod, differing distinctly from the simple
putrefaction bacteria in 1ts appearance, its disposition in the tissue,
and especially by its defective staining with our common pigments;
he also stated that it was not met with in other diseases in the
same manner. Koch had reached similar results before Eberth,
and was, therefore, able to confirm Eberth’s statements.

Gaffky’s publications (1884) have supplemented these statements
in every particular, and enlarged them so considerably that the
significance of deflnite bacilli in the origin of typhus abdominalis
was placed beyond doubt.

They are small, slender rods with rounded ends, lying in the
tissue singly or in pairs, but frequently forming large groups in
the hanging drop and extending as long threads through several
microscopic flelds. They possess a lively and e¢specially developed
voiuntary movement, whose peculiar character is noticeable in the
single rods and, still better, in the longer threads gliding swiftly
along in serpentine windings and curves. The typhus bacilli have
(according to R. Pfeiffer’s investigations) as special members for
this capacity, lateral flagella that may be demonstrated by the use
of LofHler’s method.

It is a matter of dispute as to whether the typhus bacilli form
spores or not. Gaflky had decided in the affirmative, and brought
forward many weighty reasons for his view. He had perceived in
the terminal ends of the rods roundish or oval corpuscles of the
breadth of the single cells, characterized by a strong lustre and
their ability to absorb anilin coloring matter. The bacilli were said
to show considerable durability, especially against desiccation, and
to retain their vitality for several months in dense layers and even
on silk threads, and to fully germinate when placed on fresh media.

These structures, regarded by Gallky as spores, were said to
appear regularly within three or four days, by cultivating the

19
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bacilli at breeding temperature on boiled potatoes or growing
them on agar-agar.

These facts rendered the opinion very plausible that in this case
we had genuine spores. But there were certain doubts as to this
opinion. The shining bodies in the rods lacked the finely-defined,
regular form we are accustomed to see In the spores; they could
not be stained in the usual way differently from the other cell con-
tents; they were extremely sensitive to the influence of high tem-
peratures and were surely destroyed by heating to 60° C. for about
ten minutes, thus but slightly complying with the requisites of a
real spore.

Recent investigations, especially by Buchner and Schiller, have
proved beyond doubt that the presumptive spores have no such
significance. Buchner ascertained that the shining oval bodies
lying in the ends of the rods (the “ pole-grains”’) and the spots ap-
pearing as bright gaps by staining are two altogether different
things.

The former consist of condensed protoplasm, are even highly
accessible to coloring substances, absorb them before all other parts
of the bacillus, and are to be looked upon as structures connected
with a degeneration of the cell—i.e., involution forms. They de-
velop abundantly, therefore, only under conditions unfavorable to
the growth of the bacilli; for instance, by exclusion of oxygen or on
acid media, especially on sour potatoes. When we artificially im-
part to the latter an alkaline reaction the pole-grains disappear,
and the active multiplication and energetic growth of the micro-
organisms become manifest by the circumstance that only quite
short, single rods, but no threads tending to division, can still be
observed.

The unstained gaps, on the other hand, are produced by the
circumstance that (during the drying of the bacteria on the cover-
glass or under the influence of color solutions) the bacterial proto-
plasm becomes detached and contracts from the membrane at
these places—a process occurring mostly in the ends, but frequently
also in the centre of the rods.

As Buchner has shown and Schiller has confirmed, the bacilli
provided with “spores” are, therefore, less resistant than those
“free from spores,” and the power of resisting desiccation is a
property inherent to these bacteria.

The typhus bacillus belongs to those varieties which can thrive
in the absence of oxygen, as well as under its free access. But its
development in the latter case is much more perfect and energetic.

The typhus bacilli in cover-glass preparations are stained with-
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matter by various means again get into the digestive canal of pre-
viously healthy people. The drinking-water also (as Almquist has
recently rendered very probable), the milk, soiled linen, unclean
fingers, etc., are the welcome bridge on which they step over the
chasm from the first individual to the second and infect the latter,
if he is otherwise susceptible, i.e., “ individually predisposed.” We
shall by no means dispute the possibility of this mode of transmis-
sion being promoted or obstructed by temporal and local influences.

The bacilli having once been received, they penetrate into the
intestine itself by passing the stomach. They settle in the intes-
tinal wall, begin there their pernicious activity, and gradually find
access, by means of the lymph current, to the lymphatic glands,
first the mesentcric and then the remote ones. They then get back
into the blood and are distributed over the organs, preferring
spleen and liver. They never get from the placenta of pregnant
women to the feetus—a fact established by Eberth and several other
investigators.

Efforts have been made to trace the typhus bacilli in the blood
of living persons in order to discover directly the course of their
distribution. These have been successful in a few cases, but the
procedure has not led to positive results and did not therefore
recommend itself for diagnostic purposes.

The morbid changes are developed most distinctly in the intes-
tine, and these are so decidedly important for typhoid fever that
they have given the name to the disease (enteric fever). In the
ileum and upper ceecumn a decided swelling of the solitary follicles
and Peyer’s patches is found; on the surface of the latter necrotic
scabs are formed which slough and leave typhoid ulcers behind.
The mesenteric glands and the spleen are also regularly enlarged;
the other organs, the liver and kidneys, however, remain macro-
scopically nearly unchanged. We can find the bacilli at all these
different places only by the aid of the microscope, and frequently
they can only be determined with difficulty.

‘We already know that the typhus bacilli are very sensitive to
decoloration and readily lose the coloring substance—a fact natu-
rally becoming more prominent in treating sections than in cover-
glass preparations. It is best to leave the sections for twenty-four
hours in Loffler’s solution, to wash and decolor them in simple
water, to dehydrate them in anilin oil, dry them on the slide, and
clarify them in xylol. The preparation should then be examined
with low magnifying power, because the bacilli appear in the tissue
(especially of the internal organs) in a very peculiar arrangement.
They are not singly or diffusely spread over wide areas, but always
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exist for each or any number of attacks according as there appear '
only one or several successive generations of plasmodia.

Golgi is of the opinion that the diverse forms of malaria (as
tertian and quartan fever) are not caused by one and the same
plasmodium, but by two ditferent, morphologically distinct sub-
species. But this is by no means generally admitted or confirmed.
It must be confessed that the striking multiformity exhibited by
the plasmodia rather contradicts this view. Danilewsky, an expert
investigator in this domain, formerly entertained similar views.

Be this as it may, the investigations made at the most different
locations and by very reliable men (thus in France and the French
colonies by Laveran, in Italy by the above-named observers, in
Russia by Sacharoff, Metschnikoff, and Chenzinsky, in America by
Councilman and Osler, in Germany by Plehn, in Austria by Paltauf)
have shown that there is found in the blood of persons afflicted
with malaria a peculiar micro-organism, appearing in the interior
of the red blood-corpuscles, which by its morphelogical and other
appearances must be ranged among the sporozoa or gregarines.
Its regular and exclusive occurrence in malaria, as also the cir-
cumstance that it disappears under the influence of specific treat-
ment—i.e, after the use of quinine—hardly admit of a doubt that
we have here the exciter of the affection.

The significance of the plasmodia (especially from a diagnostic
point of view) appears to be quite extraordinary, and renders it de-
sirable that our knowledge concerning this important micro-organ-
ismn be soon perfected. Only when we shall succeed in artificially
cultivating the malaria parasites and using them for experiments
of transmission shall we be able to obtain a clear insight into the
pathology and epidemiology of this disease.

XV. PNEUMOCOCCUS (FRIEDLANDER).

Just at a time when a parasitic cause was presumed to exist
for many morbid conditions of the human body (science being still
quite deflcient in tangible, actual proofs of this opinion), intelligent
obhservers asserted that pneumonia, too, the genuine inflammation
of the lungs, belonged to the class of such affections. “ Catching
cold ” had always been regarded as a decisive cause of pneumonia.
The kecn eye and clear judgment of such investigators as Jiirgensen
deserve great praise for discerning its infectious cause from its
appearance and symptoms.

This standpoint appeared to be confirmed by the investigations
published in 1883 by Friedldnder and Frobenius regarding a special
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The capsule remains usually unstained and appears in prepara-
tions asa pale, glistening envelope in which the bacillus liesimbedded.
But we may render the membrane accessible to coloring substances.
For this purpose, Friedlinder recommends treating cover-glasses
and sections for twenty-four hours with an acetic acid gentian-
violet solution (conc. alcoholic sol. gentian-violet, 50 parts; aqua
dest., 100; acid. acet., 10) and decoloring them afterward in 0.1%
acetic acid; followed by alcohol, cedar oil, etc. Even this method
is not always successful.

The pneumococci grow on the gelatin plate (even at a relatively
low temperature—16° to 20° C.) quickly into extensive colonies. They
rapidly advance to the surface of the gelatin without liquefying it,
and develop into thick and white accumulations of a china lustre,
with a strong central elevation arched like a button, with smooth
edges. The microscope exhibits brownish-yellow, clearly-circum-
scribed, usually irregular colonies of slightly-granular texture.

Growth in the test-tube .proceeds in the beginning uniformly
along the entire inoculation puncture. But soon there develops on
the surface an especially prominent mass glistening like snow,
somewhat arched, and imparting to the culture, in combination with
the portion extending downward into the gelatin, a certain simi-
larity to a thick-headed nail. In the course of further develop-
ment, gas-bubbles in more or less great numbers frequently arise
in the gelatin surrounding the inoculation puncture. A slight
brown coloring of the medium regularly takes place in older cultures.

The pneumonia bacteria thrive on agar-agar as a moist, thick,
whitish film. They produce on potatoes a yellowish-white, smeary,
and very thick filn in which a forination of gas-bubbles is some-
times observed.

Friedldinder was able to effect successful transmission to animals
from these artificial cultures. Rabbits proved completely insus-
ceptible; Guinea-pigs were also only slightly sensitive; but the
desired result was obtained in a large number (thirty-two) of mice,
all of which died. Friedldnder injected a dilution of his pneumo-
cocci through the thorax into the lungs. Section showed the latter
to be altered by strong inflammation, reddened, sometimes hep-
atized and void of air; the tissue contained, besides, large quantities
of bacteria available for further cultures.

The direct injection into the lungs permits conclusions as to the
greater or less infectious qualities of the micro-organisms used for
experiments only with very great reserve. Hence, we must look
for other proofs tending to convince us that we have in the pneu-
mococci an actual cause of pneumonia.
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bacteria. There is, however, one fact which prevents our forming
a conclusive opinion.

Fraenkel’s bacteria are by no means exclusively found in pneu-
monia; they are, on the contrary, very extensively ditfused. They
are found in almost all cases of cerebrospinal meningitis (as proved
by Foa and Bordoni-Uffreduzzi) and the origin of this affection is
reasonably attributed to them. A. Fraenkel has found them pres-
ent in pleuritis, Weichselbaum in peritonitis, Banti in pericarditis,
other investigators have encountered them in endocarditis and otitis
media and numerous other affections; they occur especially in the
saliva and nasal secretions of healthy persons (as established by
Netter) and they may be regarded almost as regular tenants of
these localities.

A worse offense against Koch’s law of the properties of a specific
micro-organism cannot be imagined. Must not our whole struc-
ture so artificially built up from observations and reflections col-
lapse in the face of this one fact? Can we seriously believe for a
moment that such an ordinary, common bacterium should be cap-
able of producing a disease as typical and as clearly circumscribed
as pneumonia ?

Still to prove that this is not the case is not so easy as may be
supposed. Fraenkel’s diplococcus is, indeed, not the exciter of
pneumonia alone, its domain is more extensive; it does not restrict
itself to this one function.

Fraenkel’s bacteriumn is the principal exciter of inflammable
processes of an infectious nature in the human body. Wherever
it reaches a serous or mucous membrane and meets with the re-
quirements for its settlement, it commences operations; it causes
meningitis on the pia mater, peritonitis on the peritoneum, and
otitis in the auditory passage. Whenever it gains entrance into
the lungs, pneumonia is developed, the peculiar properties and
characteristic process of which depend upon the peculiarities of the
organ invaded and upon the extent of the morbid process. An-
other bacterium may eventually play a similarrole and give rise to
pneumonia; but, as a rule, it is certainly Fraenkel’s diplococcus
that displays here its energy, for which reason it may properly
be regarded as the real micro-organism of genuine croupous lung-
inflammation.

But how can this view be harmonized with the circumstance
that this micro-organism is also a frequent guest in the healthy
body, that in the majority of all persons it is domesticated in
the mouth, whence it might easily and at all times undertake an
excursion into other regions and thus soon produce meningitis,
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By removing a trace and starting a pure culture on agar, it will ,
be perceived that the development, in the beginuning, keeps within
narrow limits. The medium evidently does not agree with the
bacteria; the growth remains restricted to the immediate neighbor-
hood of the inoculating line, and the film (of a whitish lustre) ex-
tends but very slowly. But on transferring the colony from
the first generation to the second, we will at once notice that the
bacteria quickly accustom themselves to the originally unsuitable
culture medium; the colonies proliferate more and more, and finally
spread over the entire surface.

A thick, whitish, opaque coating arises on blood-serum; the
same 1s the case with a serum suggested by LotHler for breeding
diphtheria baeilli. This serum consists of 3 parts of cattle-serum
and 1 part of bouillon containing 14 of peptone, 0.5% of sodium
chloride, and 1% of dextrin.

In bouillon, at breeding temperature, the bacilli form white,
very small, firmly cohering, peculiarly gritty grains which quickly
sink to the bottom or adhere to the walls of the tube, while the
fluid itself remains clear, so that the appearance of such cultures is
usually quite characteristic. The diphtheria bacilli develop like-
wise very readily in sterilized milk.

In experimental transmission, we must never overlook the fact
that animals under natural conditions are never attacked by hu-
man diphtheria, and hence but little adapted for our purpose. All
the affections running a similar course (such as the diphtheria of
. calves, pigeons, and chickens) are originally altogether different
diseases and arise from other causes.

Inoculations with diphtheria bacilli have, however, been rather
successful in spite of these unfavorable preliminary conditions and
Loffler obtained some very important results. He found that mice
and rats were very refractory, while rabbits and Guinea-pigs, and
most of the birds, such as finches, sparrows, and especially pigeons
and chickens, are always accessible to the influence of the bacilli.

Afterinjecting Guinea-pigs subcutaneously, purely local changes
first develop at the point of infection. Grayish-white pseudo-
membranous masses are formed. More general disturbances soon
appear; an extensive hemorrhagic cedema in the subcutaneous
cellular tissue usually arises all around the point of inoculation.
This may be followed by effusions into the pleural cavities and
lobular consolidation of the lungs. The bacilli also produce pseudo-
membranes whenever introduced into the opened trachea -of
rabbits, chickens, and pigeons; also on the superficially injured con-
junctiva of rabbits and the lacerated introitus vagine of Guinea-
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tube will disturb the bacterial masses and cause a trausitory cloudi-
ness of the bouillon.

Erysipelas can be reprcduced from such artificial cultures in
susceptible animals. Fehleisen, and many others after him, have
performed successful transmissions to man for a particular pur-
pose, surgical practice having often shown a striking improvement
in malignant tumors which could not be operated upon (especially
sarcoma and carcinoma), and whenever the tumors came within
reach of erysipelas arising from some other cause, they improved.
This experience was utilized by attempting an artificial production
of the curative erysipelas; the results have been rather beneficial.

Ainong animals, mice are usually completely refractory to sub-
cutancous applications, while rabbits prove susceptible. After in-
oculation at the ear, there arises a progressive, erysipelatous, in-
flammatory swelling, rapidly spreading from the point of infection,
but usually not going beyond the ear and subsiding in a short time.
Suppuration and a severe general sickness with rise of tempera-
ture, etc., and even death occur only in young animals. A direct
introduction of cocci into the blood current will produce no disturb-
ance.

The experiments with erysipelas cocci present the same result
that was observed with Fraenkel’s pneumonia bacteria and the
diphtheria bacilli: the virulence of the micro-organisms is unstable
from the beginning, even if taken up directly from the diseased
tissue (their natural habitat), and succumbs more or less rapidly to
natural weakening in our artificial cultures. The varying degree
of original virulence is certainly significant as to the character and
progress of isolated cases, and the general subsequent decrease
of the infectious force accounts for the differences in the results of
experiments with animals.

We know that the cocci just described are the original exciters
of erysipelas, and we must agam turn to the question as to the
manner 1n which the micro-organisms enter the body and their
influence upon it.

It is certain that, in the great majority of cases, infection com-
mences from lesions which are sometimes scarcely visible,and from
wounds of the integument having in some way come in contact
with streptococci. The conditions of this mode of transmission
have as yet been but little investigated. We presume, but cannot
assert on the strength of reliable facts, that in this case we have
an accidental infection by micro organisms, largely diffused in the
outside world, rather than a direct infection of a healthy individual
by a sick one.
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on the other hand, that, under natural conditions, suppuration in
man is always regarded as a special reaction of the tissue to the
presence and activity of micro-organisms, and that, as a rule,
certain bacteria act in this manner as specific exciters of infection,
and are found in all cases of suppuration, no matter whether we
have an extensive and severe phlegmon or a slight paronychia,
metastatic pysemic abscesses or a simple furuncle.

XX. STAPHYLOCOCCUS PYOGENES AUREUS.

Ogston, Rosenbach, Passet, Liibbert, etc., have given us accu-
rate information regarding the properties of these pus bacteria.
A species of micrococcus, called by Rosenbach Staphylococcus pyo-
genes aureus, appears to be the most common. They are roundish,
minute cells and smaller than the erysipelas cocci. They too are
apt to form groups, though never in the shape of chains. They
are arranged rather in dense irregular heaps, the appearance of
which, especially in the tissue, remind one sometimes of a close
cluster of grapes, hence their name (gragvidy, grape).

Sporulation has not yet been observed in the staphylococcus
(nor 1n any micrococcus), but it exhibits a very remarkable power
of resistance. Drying on the cover-glass for ten days does not de-
stroy its capacity of development; chemical agents kill it only
when rather concentrated, and boiling water needs several minutes
to destroy it. In gelatin cultures it keeps fresh and capable of re-
production for nearly a year.

The Staphylococcus aureus thrives at ordinary room-tempera-
ture, although better and more luxuriantly at a higher point (30°
to 37° C.). Its need of oxygen is not very urgent and it even
thrives under a restricted access of air. It readily takes up the com-
mon anilin stains and is exceedingly well adapted for treatment by
Gram’s method.

On gelatin plates, on the second day, small, white dots appear
deep in the culture medium; they advance rather rapidly to the
surface and begin to liquefy the surrounding gelatin. An orange-
yellow color, especially apparent in the centre of the colony, is pro-
duced at the same time. The liquefaction of the gelatin is
usually rather extensive, and the single colonies but rarely exceed
a certain size. Under the microscope they appear as roundish
discs with sharp, smooth edges of a dark-brown or yellow color,
markedly granulated. )

The formation of the pigment is still more distinct on agar
plates. The superficial colonies, being in constant contact with
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inflammation of the urethra. The healthy urethra also contained
micro-organisms in no way distinguishable from the so-called gono-
cocci, so that their exclusive occurrence was doubtful and could, at
any rate, not be utilized to settle their etiological significance.

But all these objections must be disclaimed as unjustified. Any
individual property of the gonococci, their roll-like form, their
position within the cells, their decoloration by Gram’s method, or
their failure on our ordinary media, is, of course, unable by itself to
characterize the bacteria with certainty. But considering all the
criteria together, we have sufficient means of distinguishing the
gonococci from other bacteria. The result of observations hitherto
made, pointed to the probability that the bacteria found by Neisser
are the original exciters of gonorrhcea.

This supposition has become a certainty by positive experiments
of transmission made by Bockhart and Bumm. The difficulties of
artificially cultivating the gonococci and keeping them capable of
living outside of the body has been stated. Gonorrheea being, be-
sides, a disease exclusively afflicting man and promising successful
transmission only in transplanting its presumed exciters to man,
it will be easy to understand why the number of such experiments
has, as yet, been so small.  Some of them, however, undertaken by
Bumm, are apt to remove the last doubt of the specific nature of
the gonococci. The twentieth generation of a culture on human
blood-serum inoculated on the sound urethra of an incurable par-
alytic person produced a typical gonorrheea.

It is unnecessary to discuss in detail the absorption of the in-
fectious matter—the transmission of the cocci. Be it remarked
that only certain mucous membranes are accessible to the settle-
ment of these bacteria. Gonorrhceea, in man, has its seat in the
urethra; so it has in woman, but in her it is also located in the
cervix uteri and Bartholin’s glands, while the vagina, at least in
adults, remains regularly free, and is more frequently attacked only
in childhood, during which infectious vaginitis is a widely-diffused
disease. The conjunctiva must finally be mentioned as a privileged
point of attack on the part of the gonococci, which settle there
chietly in the most superficial layers of the mucous membrane,
whence they pass into the secreted pus.

XXVII. TETANUS BACILLUS (KITASATO).

We conclude this part by discussing the causative micro-organ-
ism of a particular disease of wound-infection, distinguished by
very remarkable symptoms, viz., the bacillus of traumatic tetanus.
The real character of this strange affection has long been In
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They regularly appear in characteristic groups of four, inclosed in
a common capsule.

The latter is beautifully developed after injecting the bacteria
into the abdominal cavity of Guinea-pigs. A very considerable
purulent peritonitis is found on dissection; microscopic examination
shows that the accumulated masses of viscid mucus coating the in-
testines with a dense, compact layer, consist almost entirely of cocci
with their greatly swollen capsules.

Having thus far treated of the bacteria in general, ascertained
the properties of these micro-organisms, and become aquainted with
a number of the better-known non-pathogenic and pathogenic bac-
teria, we shall now proceed to discuss the final part of our task,
viz.: the application of recent methods of investigation to the chief
constitutents of our natural surroundings, the air, soil, and water.
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closed with a rubber cap above the cotton plug for greater
safety.

An accurately-measured quantity is now taken from the flask,
which has previously been well-shaken, and transferred into liquid
gelatin. This is done by means of graduated sterile pipettes, a dif-
ferent one being used for each portion. The quantity of water
to be tested is generally placed in two test-tubes, one having a
capacity of 1 c.cm. and the other 4 c.cm.

A double purpose is thus gained. Given a large quantity of
micro-organisms in the water, the colonies on the first plate may
develop inl such dense masses that enumeration and examination is
out of the question, while the plate with half the quantity may still
give an available result.

Besides, the second plate will serve to control the first, as it were,
for there will appear only half as many colonies; but even if this
should not always prove to be absolutely correct, striking devia-
tions from the rule will point to some mistake in the procedure.

The water having been poured into the gelatin, the tube is
tipped to and fro and its contents at once poured out upon as large
a plate as possible. .

The germs will have grown into colonies after a few days and
examination may now be commenced. Should the number be
small, they may be counted with the naked eye. But the quan-
tities are sometimes so great that this simple procedure must
be abandoned and a special counting apparatus resorted to. A
glass plate, divided by a diamond pencil into small quadrangles, is
placed over the gelatin plate which rests upon a dark background
of black glass.

The number of colonies developed within such a square is ascer-
tained by a magnifying glass; repeat this observation in six or
more squares, take the average number per square, and multiply
it by the number of the quadrangles corresponding to the extent
of the gelatin area.

The number of germs, of course, varies, according to the water
investigated. River-water, especially if near thickly populated
districts, contains sometimes so many micro-organisms that even
one drop (=45 c.cm.) gives rise to several thousand colonies on the
plate. Temporal conditions are also of some influence, the figures
being higher in summer than in winter, etc.

The species of micro-organisms found in water belong mainly to
the class of bacteria. Some of these have already been considered;
most of them are insignificant. Even pathogenic bacteria have
been ascertained in some cases by immediate investigation, as,















APPENDIX.
MOULD AND YEAST FUNGL

WE will, in conclusion, briefly consider some micro-organisms
nearly related to the bacteria.

It has already been stated that all plants destitute of chlorophyl
are designated as “fungi,” while the bacteria, by reason of their
mode of reproduction by division, were contrasted as “schizomy-
cetes,” “ yeast” (“sprouting ”), and “ mould fungi.”

These latter two evidently resemble the bacteria, but differ from
them in many important properties.

The mould fungi belong to the flowerless plants, the cryptogams,
and constitute the subdivision of Thallophytes which bear a simple
foliage (thallus). This thallus is composed of cells destitute of
chlorophyl, having, like the bacteria, a membrane and protoplasmic
contents, but no nuclei. They are never reproduced by transverse
division (splitting), but are developed, by progressive growth of
the ends, into long fillaments (hypha) which frequently become
articulated without being disconnected. These hypha are, besides,
characterized by an early ramification uniting the threads into a
compact network, the mycelium.

At the period of sporulation, some hyphe rise from the mycelium
and assume other shapes and conditions of growth as “fruit-hyphae”
(“fruit-bearers”). On these the “fruit” (the spores, also called
conidia) will arise. This occurs with the single mould fungiin such
a peculiar manner that it has been utilized in their classification.

The number of the various mould fungi is very large and esti-
mated by the thousand. We shall consider only such as are par-
ticularly important to us.

The generally undivided and unarticulated hyphe of the muco-
rinea rise perpendicularly from the delicate mycelium; a sporan-
gium rises on their top, i.e.. a globular mass rich in protoplasm,
a mother spore-cell, is developed, the contents of which are di-
vided into roundish spores by numerous partition walls. The
sporangium is capped toward the end by an arched plate, called
columella. The sporangium perishes when the spores are ripe and
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out the coarser particles) and injecting it into the jugular or, easier
still, the vein of the ear of a rabbit, its death will ensue after
from twenty-four to seventy-two hours.

On post-mortem examination small and whitish nodules will be
found spread over all the organs, especially the kidneys and liver,
proving, on microscopical examination, to be densely felted mycelial
layers of the respective species of mould. The vessels of larger
calibre are, here and there, distorted by the confused network of the
vigorously grown filaments which, however, never develop fructify-
ing organs, hypha or conidia. This will be best seen by staining
the sections with Ldffler’s blue or Ziehl’s carbol-fuchsin. Proper
media, especially bread-paste, will easily reproduce, at breeding
temperature, luxuriant growths of fungi from the organs.

These facts led to a closer observation of more or less extensive
mycoses in man under natural conditions. They had been caused
by pathogenic kinds of aspergillus and mucor. The external audi-
tory canal, the nasal cavities and cornea, also the internal organs,
intestines, lungs and brain, were seen covered with mould fila-
ments whose germs had found entrance in some way.

Among the vegetable organisms standing mid-way between the
mould and yeast fungi, some are distinguished by pathogenic or,
rather, parasitic properties, as the fungi of favus, herpes, and thrush.
Injurious kinds among the real yeast fungi are unknown.

PENICILLIUM GLAUCUM.

Let us now turn to a species of the fungi.

The most widely diffused among the mould fungi is the Penicil-
lium glaucum, whose green, dense films are found everywhere.
Wherever a “moulding ” of any substance occurs, a Penicillium
glaucum will generally be found. Investigation of air proves
that the germs of this fungus are present everywhere.

Penicillium does not thrive at breeding temperatures and is,
therefore, destitute of pathogenic properties.

Its colonies appear on the plate as whitish flakes which rap-
idly increase in size and become covered from the centre with a
superficial green, indicating sporulation. The gelatin is soon
liquefied around the colonies.

The peculiar little brushes formed by the hypha can be seen
even under low powers.

On bread-paste a low, fine-flaked film of a white color forms
at the beginning, but soon turns decidedly green.

Among the aspergilli, the non-pathogenic albus and glaucus
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should be mentioned, which thrive at ordinary room-temperature;
also the niger, thriving at breeding heat.

ASPERGILLUS FLAVESCENS.

The pathogenic Aspergillus flavescens grows almost exclusively
at high temperatures; it is distinguished by large, strong “fruit-
heads” and the greenish-yellow color of its cultures. It exhibits
on the plate (like all the aspergilli), even with slight magnifica-
tion, the fructifying organs densely covered with sterigmata and
their spores resembling little thorn-apples.

ASPERGILLUS FUMIGATUS.

Aspergillus fumigatus has exceedingly delicate and neat “ fruit
heads” and at breeding temperature forms a film, at first bluish-
green and afterward ashy-gray. This film never extends far from
the surface of the gelatin. Its germs are widely diffused and very
frequently found in our common bread. In the incubator, non-ster-
ilized bread-paste is almost regularly covered with a dense culture
of this mould in a very few days.

MUCOR MUCEDO.

The Mucor mucedo is the best known among the mucorinea; it is,
next to the Penicillium glaucum, the most common mould. It only
grows at ordinary temperature, and, on the gelatin plate, quickly
forms dense, luxuriantly growing films, whose black poppy-seed-
sized “ fruit-heads ” can easily be perceived with the naked eye; when
magnified they appear as smooth, round structures. On bread-
paste there is developed a dense yellowish-brown growth of fllaments
shooting upward like a miniature forest.

The Mucor stolonifer has a still more striking growth and usually
develops mycelium growing to some distance from the surface of
the culture medium.

The species Mucor corymbifer and M. rhizopodiformis, de-
scribed by Lichtheim, are pathogenic. Grown on bread in the incu-
bator, the former appears as a dense snow-white lawn or film, look-
ing like plucked cotton. M. rhizopodiformis grows lower and has
black fruit-heads; it is readily recognized by a peculiar ethereal
or aromatic odor in bread cultures, presumably caused by the fer-
mentation of this medium.

OIDIUM LACTIS.

The Oidium lactis belongs to the class of simple mycelial fungi
destitute of germinative organs.
It is found in nearly all milk, especially when it begins to sour,
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also almost regularly in butter. It thrives both at ordinary and
breeding temperatures and is easily stained by the auilin colors.

On the gelatin plate the colonies appear as neat, white stars,
growing rather rapidly, advancing to the surface, and spreading
there as flat, white, dry masses.

The medium is not liquefied. Under the microscope there are
seen glassy, greatly ramified hypha, radiating from the middle of
the colony in all directions.

In the test-tube their growth is found along the entire inocula-
tion line, particularly on the surface of the gelatin.

Here too, the ramified network of the vigorously developed
fungus-lawn is seen again. The oidium thrives in milk without
causing striking transformations.

TRICHOPHYTON TONSURANS AND ACHORION SCHGENLEINII

The investigations of Grawitz, Quincke, and others have given
detailed information regarding favus and herpes tonsurans.

The regular appearance of thread-shaped structures had been
demonstrated long before in the scaly aggregations produced
by these two skin diseases. The fungus of favus, the Achorion
Schonleinii, and that of herpes, the Trichophyton tonsurans, were
the first recognized vegetable parasites of man. Grawitz succeeded
not only in cultivating them outside the body, with the aid of more
recent methods, but also in demonstrating beyond doubt their
causative significance by the successful reproduction of skin dis-
eases on man from artificial cultures.

On microscopic examination both micro-organisms appear as
pretty well ramified, flat, ilamentous fungi with clearly-articulated
hypha. These are frequently strangely twisted in favus and
distinguished by completely rectangular ramifications. Both fungi
are destitute of special generative organs. A degeneration of the
mycelium into small, roundish members, arranged like “ rolls,” may
sometimes be observed, under certain conditions, and best on blood-
serum at 30° C.; they are characterized as conidia. The mycelium
generally remains absolutely sterile on gelatin and agar.

The favus and herpes fungi thrive at ordinary temperature, best
at about 30° C. The differences appearing between them in the
course of development on gelatin or agar are, indeed, not very evi-
dent; but a direct comparison between cultures will suffice for differ-
entiation.

On the plate they develop pretty rapidly, the fungus of herpes
tonsurans more so than that of favus. The colonies are of a chalky-
white color, star-shaped, and lumpy in the centre. They liquefy gel-
atin quickly and extensively.
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In the test-tube the trichophyton forms on the surface of the
medium a fllm several millimetres thick, arranged in crusty folds,
white, as if dusted with flour, its lower surface being of a sulphur
yellow color. Only a restricted growth takes place in the lower
strata of the gelatin. Liquefaction is less speedy with the favus
fungus and the film developed is not quite so thick; the lower sur-
face is of a brighter yellow color. On agar-agar a white and dry
film forms and adheres firmly to the medium.

THRUSH.

The micro-organism of thrush is the most perfect link between
the thread and yeast fungi. Under certain conditions of nutrition,
for instance, almost always on the gelatin plate, on very sweet
media, etc., it appears in a yeast-like form, as a pronounced sac-
charomyces; but under other conditions likewise, for instance, at
the bottom of the test-tube cultures, it develops long thread-shaped
mycelia. The gelatin is not liquefied.

The thrush fungus is pathogenic for rabbits, as proved by Klem-
perer’s investigations. The animals perish from within twenty-
four to forty-eight hours after injection of a pure culture into the
blood-vessels. The internal organs are traversed by the mycelium
grown out into long threads.

SACCHAROMYCES.

The common beer-yeast, Saccharomyces cerevisiz, is the most
widely diffused of the yeast fungi and corresponds to the general
description of these organisms. k

Various kinds of yeast fungi have been found in the examination
ofair. They often appear on the plates as accidental contaminations
and are noticable by the color of their colonies. The “red yeast” -
is the most common; it produces a pale red pigment. The “ white
yeast” forms snow-white, lustrous cultures. None of them liquefy
gelatin; all thrive at ordinary temperatures. They do not seem of
any special importanceand are destitute of the ability of fermenting
sugar solutions, as true yeast does.

ACTINOMYCES.

The actinomyces (ray fungus), finally, is a peculiar vegetable mi-
cro-organism whose classification is still in doubt.

‘Whitish, rather compact swellings are sometimes noticed on
the jaws of cattle. They spring from the bone, grow rapidly, and
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finally rupture into the mouth or outside. Nodules of similar
formation are generally found in the larynx and the lymphatic
glands. Numerous abscess-like foci are seen on section; they sur-
round yellow, nearly hemp—seed-sized, rough, compact bodies. By
crushing such a particle between two cover-glasses, it will fall
apart in many small pieces whose composition will be shown by
proper staining.

Leave the preparations for twenty-four hours in an anilin-water
gentian-violet solution, or for one-half hour in hot carbol-fuchsin;
then for a few minutes—about a quarter of an hour—in iodide of
potassium solution and thence into alcohol, etc. It will soon be
seen that the globules just described, consist of a dense mass of
hypha-like anastomosing threads. They radiate uniformly in all
directions from a dense centre, gradually widen toward the end,
and terminate in club-shaped, very characteristic swellings. The
whole thus presents the appearance of a crystallized piece of ore or
a filled aster.

The same structures have not only been observed in cattle and
hogs (within the striated muscles), but recently and frequently also
in man. They usually give rise to extensive suppurations, peri-
tonitis, etc., generally terminating fatally.

A successful culture of the actinomyces has recently been re-
ported from different sources. But these statements are still
doubtful because transmission from artificial cultures to animals
failed.

This gap has but very recently been filled by the combined ex-
periments of M. Wolff and J. Israel. On agar-agar, and also within
raw hen’s eggs—according to Hueppe’s method—yellowish-white
vegetations of a dense and greatly-twisted mycelium were devel-
oped. The injection of such masses into the abdominal cavity of
a rabbit produced changes in the peritoneum whose actinomycotic
character has been established by microscopic investigation.
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Relapsing fever, spirilla of, 298-300 Slide cultures, 94
Relation between bacteria and the or hollow, 35, 36
ganism, 130-134 hollow, cultivation on, 75
Rembold, 215 staining sections on, 76
Resorcin, 87 Small-pox, 139, 140
Retention hypothesis (immunity), 143, Smears, 54
144 Smegma bacilli, 252
Rhinoscleroma, 317, 318 Smirnow, 129
Ribbert, 324 Smith, 142
Riedel, 265 Soil, bacteria of, 351, 352
Rietsch, 268 decomposition of, 22
Roger, 123, 163, 223 examination of, 351, 352
Roll-plates (Esmarch's), 98, 99 in connection with cholera, 272,
Root-shaped bacillus, 174, 175 273
Rosenbach, 322, 325, 326, 333 in connection with typhoid fever,
Rosenbach, O., 324 294, 295
Rosenthal, 253 in connection with malaria, 800
Roth, 154 Soiling plates, 105
Roux, 80, 90, 127, 142, 143, 201, 211, 224, Soyka, 98, 149
234, 236, 312, 315, 316 Specific causes of infection, 154, 155

Rubber caps, 71, 235 Spermophilus guttatus, 239
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UFFELMANN, 262, 205
Unna, 57, 249, 250
Unna’s drying method, 57, 257

VACCINATION, 140

Vesuv:

Vibrio cholera asiatica, 260, 261, 274
Deneke's, 278, 279
Finkler-Prior’s, 266, 276-278, 285
Metschnikoff, 264, 266, 270-284
septique, 216

Vibriones, 193
of septic:emia, 216

Villemnin, 226

Violet bacillus, 182, 183

Virchow, 226, 274

Virulence of ba.cterm, 137, 138
of bacteria, diminution of, 126-130
of bacteria, loss of, 127, 129
of bacteria, varlablhty of, 186, 187

Voluntary motion, 8

‘WADDING, cotton, 71
‘Wasserzug, 161
“Water, bacteria in, 182-188, 352-858
fleas, 134
immersion,
investi ation of 852-358
prégflp es of mveatigatxon of, 368,

INDEX.,

Ways of entrance of bacteria into
body, 154, 165
Weibel, 193, 265
Welchselbanm 808, 809, 324
‘Weigert, 38, 47 55, 56 135, 238
‘Weigert's method (a.mlm onl), 57, 58
‘Weisser, 87, 286, 287, 288
Weyl,
Widal, 292
Wolft, M., 366
Wolffhigel, 205, 293
‘Wolffowicz, 204
Wood, 142, 143, 211
Wooldridge. 142 148, 211
‘Wool-sorter’s dlsease, 218
‘Wound anthrax, 206, 213
iné;«lztion, micro-orga.nisms of, 318-

tuberculosis of, 240
‘W yssokowitsch, 131, 132, 174, 324

YEAsT fungi, 859, 860, 362, 865

fungi, red, 365
fungi, white, 865 -

ZARNIKO, 312

Zeiss, 28

Ziehl, 45

Ziehl's solutlon, 45, 52, 229
Zotglma, 7
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